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MEMORANDUM 


A3-262-AMOO-M7 5-509 

Date: FEB 2 0 1976 


Subject: POSTFLIGHT ANALYSES FOR DELTA PROGRAM MISSION NO. 113 - 

COS-B MISSION - CONTRACT NAS7-832* 

To: E. W. Bonnett, A3-900 

Copies to: C. H. Bamann, F. M. Keller, D. W. KneLel, J. R. Reider, 

J. C. Simmons, D, VJ. Tutwiler, F. B. VanShoubrouek, A3-200; 

F. J. Maguire, A3-G83; T. B. Rehder, J. L. Schmidt, A31-822; 

M. D. Steffey, A41-770; D. R. Cummings, A41-792; D. A. Maclean, 
A41-822 ; File 

From: C. A, Ordahl, A3-262 


1. This memorandum has been prepared in accordance vith COM 15 of the 
subject contract. 

2. On 8 August 1975, the COS-B spacecraft was launched successfully from the 
Western Test Range (Delta Program Mission No. 113). The lavinch vehicle was a 
three-stage Extended Long Tank Delta DSV-3P-11B vehicle. Serial No. 20018. 

3. Postflight analyses performed in connection with Delta Program Mission 
No. 113 ( COS-B Mission) are presented in the attachments to this memorandum 
(Attachments 1 through lO). These attachments consist of the following: 

Attachment 

Ntmber Title Pages 

1 Section 1. System Performance - COS-B Mission 1-1 through 1-26 

2 Section 2. Propulsion Systems - COS-B Mission 2-1 through 2-28 

3 Section 3. Guidance System - COS-B Mission 3-1 through 3-15 

4 Section 4. Flight Control System - COS-B Mission 4-1 through 4-29 

« 

5 Section 5« Electronics Systen - COS-B Mission 5-1 through 5-11 

6 Section 6. Mechanical Systems - COS-B Mission 6-1 throiagh 6-10 
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Attachment 

Numher Title 

7 Section 7. Structural Systems - COS-B Mission 

8 Section 8. Reliability 

9 Definitions of Performance Parameters [Tables 
2-3 and 2-lj of Attachment 2 (Section 2)] 


10 Vehicle Performance Telemetry Plots - COS-B Mission 


Pages 

7- 1 through 7-6 

8- 1 through 8-2 

9- 1 through 9-2 

10-1 through 10-73 
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ATTACHMENT 1; 

SECTION 1. SYSTEM PERFORMANCE - COS-B MISSION 



Attachment 1 to: 
A3-262-AM00-MT 5-509 


Mission AI^ALYSIS - COS-B MISSIOH 


INTRODUCTIOH AND SUMMARY 


Delta Mission Nmber 113, COS-B, was launched from Pad SLC-2W of the Western 
Test Range (WTR) at a fli^t azimuth of 196 degrees fron true north at 0147:59*595 
Greenwhich Mesin Time (GEHT) on August 8, 1975- 

This section provides a discussion of the mission analysis aspects of the COS-B 
spacecraft launch and a description of the trajectory flown hy the Delta vehicle 
from liftoff to third-stage burnout; data pertaining to the experimental seccaid 
stage restart are included. This section also presents a comparison between (l) 
the actual trajectory flcwn by the vehicle, (2) the guided nominal trajectory 
(Reference 1), and (3) the latest predicted or Best Estimate Trajectory with 
launch-day winds and atmosphere (BET-with-winds). The actual trajectory flovm 
by the first and second stage is based on Federal Electric Corporation (FEC) 
radar tracking data and NASA-provided hardpoint position and velocity vectors 
(Reference (2). PCM telemetry data was utilized to support the determination of 
trajectory data at the time points specified in the svhsections to follow. The 
following table compares the achieved orbit at spacecraft injection (TECO) to. 
the nomineO. orbit given in the Orbit Acctaracy Incentive TWX (Reference 3). 
Incentive fli^t requirements may be seen to have been met; that is, all fall 
within allowable tolerances. 


Parameter 

Nominal 
(Reference 3) 

Achieved 

Achieved 

Nominal 

Incentive 

Tolerance 

Apogee Altitude (n.mi.)* 
(Integrated) 

53,992 

54,433 

+44l 

+2115 

Peiagee Altitude (n.mi.)* 

188.19 

187.17 

-1.02 

-10.0 

Inclinaticsi (deg) 

90.000 

90.155 

+0.155 

+0.82 


Table 1 summarizes the orbit parameters of all Delta missions to date and, 
where applicable, includes the corresponding three-sigma deviations. Table 2 
presents the guided nominal, BET-witb-vinds, and actual sequence of events for 
the COS-B mission. 

VEHICLE IffilSCRIPTEON 


The launch vehicle used for the COS-B mission consists of a DSV-3P-1A Extended 
Jjong Tank Booster Ho. 602 (Serial No. 20020) pcwered by a Rocketdyne RS-27 
liquid propellant engine and nine strap-on Thidkol TX- 354-5 (Castor II ) solid 
propellant rockets with low-drag nose cones. Bie second stage is a DSV-3P-4B 
(Serial No. 20023) having a TRW engine (light quartz nozzle with Expansion Ratio 
= 43:1) with restart capability and a DSV-3P-7A fairing (Serial Ko. 20023). 

The third stage consists of a TE-364-3 engine (Serial No. 00025). 


* Based on an earth radius of 3442.62 n.nd.- 

M 



METEOROLOGICAL CmCITlOWS 


Kgures 1, 2, and 3 present the launch day temperature, pressure, and wind 
speed and directicai from ground level to 100,000 feet measured at WPR at the 
time of la\mch. Figuie 1 shows the atmospheric temperature was hotter than 
the reference ten^jerature until approximately 42,000 feet, colder between 
42,000 feet and 70>000 feet and hotter above 70>000 feet. The atmospheric 
pressure (Figure 2) is generally higher than the reference atmosphere. 

Figure 3 indicates that the wind speed was significantly lower than the 90 
percent IRIG wind reference until approximately 65,000 feet and increasingly 
hi^er above 65,000 feet. The maximum wind speed was 4? knots at 100,000 feet. 
The wind direction changed from a north-westerly direction to an easterly direc- 
tion with increELsing altitude. 

PERFORMAIiCE AI^ALTSIS ' - 

First and seccajd stage performance to second stage cutoff (SECO) is based 
on the radeur tracking data and NASA SECO hardpoint. PCM telemetry data was 
utilized to determine the vehicle velocity at second stage burnout. Reconstruc- 
ticHi of the third stage is h'ased on the SECO I PQi data and NASA hardpoint data 
at third stage burnout. 

FIRST STAGE PERFORMANCE 


An ansQysis of pertinent data indicates that the first-stage fli^t was near 
nominal with respect to the vehicle's instantaneous impact point (IIP) and 
present position traces, which remained well within the three-sigma boundaries. 
Table 3 presents con 5 >arison of the guided nominal, BET-vith-windsv“and actual 
trajectory at significant times. The actual inertial velocity at MECO may he 
seen to be 2.1 ft/sec hi^er than the guided nominal and 59 ft/sec lower than 
the BET-vith-winds , • 

SECOND STAGE PERFORMANCE 


Table 4 presents trajectory eon^arisons of second stage performance parameters 
at significant event times during the first bum period of the second stage. 

Actual SECO I was determined from PCM telemetry data. 

Figure 4 congjares the tag second stage thrust history with the acttial reconstruc- 
ted thrust based on DIGS acceleration data, flowmeter weight-flow data (Reference 
4), weights (Reference 5), and actual event times (Reference 6). The reconstructed 
thrust curve is higher than the tag an average of 48 pounds over the first hum. 

The higher than tag thrust level res\ilted in a 1.5 second shorter burn while the 
low (-71 ft/sec) velocity at ignition resiilts in a 1.4 second longer burn, thus 
the first bxirn of the second stage was within 0,1 seconds of nominal. 
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THIRD STAGE PERFORI^AI^CE 


PCM position and velocity vectors at SECO were Xised in the following manner 
to reconstruct third stage performance. An MDAC-W predicted orbit was generated 
utilizing a PCM position and velocity vector at second stage biu"nout, vehicle 
attitude as defined in the BET-with-winds , actual third stage ignition time, 
and the latest predicted third stage performance and burn time. A reconstructed 
orbit was then generated using the same initial PCM position and velocity vectors 
and coast time as those for the predicted orbit in order to determine the third 
stage performance parameters required to match the NASA orbit parameters at a 
time after, third stage burnout. The following table presents a summary of third 
stage predicted and reconstructed performance. 


Parameter 

Unit 

Effective Specific Impulse 

sec 

Total Impulse 

lb-sec 

Impulsive Velocity 

ft/sec 

Vehicle Attitude Error; 
Pitch Component, 
Kose-Up Positive 

deg 

Vehicle Attitude Error; 
Yaw Component, Hose 

deg 


Eight Positive 


Predicted 

Value 

Reconstructed 

Value 

287.93 3o 

288.39 

IH7678.9 

1 j 18338.82 

9l«97.10 

5512.09 

0 + 3.90 3 a 

0.699 

0 + 3.90 3o 

0.61*9 


Table 5 presents con^jarison of the MDAC-W predicted, BET-with-winds, sind 
reconstructed third-stage trajectory parameters at third stage ignition eind 
burnout. 


POSTFLIGHT STATISTICS 


Statistical information for pertinent performance and trajectory parameters 
are presented in Tables 6 and T. Table 6 provides data as compared ta 
nominal predictions, while Table 7 compares to tag (BET) predictions. 
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Table 2 


SEQIIEHCE OF EV1:H13 - COG-B l-ITSSION 


Time From Liftoff (sec) 

Event ' ' Guided BET-V/ith-V/inds Actual 

Nominal Value Value 

Value 


FIRST STAGE 

1. Solid-Motor Ignition Arm 

2. Solid-Motor Ignition Command 

3. Telemetry Liftoff 

U. Solid-Motor Burnout (6) 

5. Solid-Motor Ignition (3) 

6. Solid Motor Burnout (3) • 

7. Solid-Motor Separation (9) 

8. MS CO Enable 

9. Sensed MECO (0.5g) 

10. Vernier-Engine Cutoff (VECO) 

11. First-Stage /SecOTd-Stage 
Separation Command 

SECOND STAGE - FIRST BURN 

13. Second-Stage Ignition Command Ho. 1 

ll<. Second-Stage Engine Start No. 1 
(Stea<ty State) 

15. Fairing Separation (Actual) 

16. Seccnd-Stage Engine Cutoff Command 
(SECOM) No. 1 (DIGS Velocity Cutoff) 

IT. Sensed Second-Stage Engine Cutoff 

(SECO) No. 1 (^5g) 

\ 


-0.90. 

— 

• -l.lU 

-0.20 

— 

-0.38 

— 

— 

-0.18 

38.62 

38.61 

38. U7 

39.00 

39.08 

38.58 

77.81 

77.81 

77.61 

87.00 

87.00 

87.3I4 

230.9l»2 

223.653 

222.32 

230.322 

231.033 

227.281 

236.322 

237.033 

233.800 

238.322 

239.033 

235.880 


2U3.322 

2J<l+.073 

240.81 

2I13.662 

2 kk. 3 Ti 

24 i.i 8 

273. 332 

274.033 

270.35 

530.121 

533.919 

530.563 

530.832 

534.662 

530.873 



Table 2 (Continued) 
SEQUEIiCE OF EVENOS - COS-B JtESSION 


Time From Liftoff (Sec) 

Event Guided BET-With-Winds 

Ilcaninal Value 

Vsilue 


THIRD STAGE 


18. Fire Spin Rockets, Start I3aird- 
Stage Ignition Time Delay, and 


* 

Start Third-Stage Timer 

3026.621 

3027. J139 

19. 

Second-Stage /Third-Stage Separation 
Second-Sta^ Retro InitiaticHi 

3028.621 

3029. U39 

20. 

Third-Stage Ignition 

3070.121 

3070.939 

21. 

Third-Stage Burnout 

311I1.92I 

3115.739 

22. 

Spacecraft Separation 

,3187.00 

3187.439 


1-10 


Actual 

Value 


3025.30 

3027.32 
3071.2 
3U5.7 

3185.32 
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Table 3 

SW^I'IARY OF FIRST STAGE PERFOH^iCE PARAl-ffiTERS 
(COS-B MISSION) 


Item 

Unit 

Guided 
’ Nominal 
Value 

BET-With-Winds 

Value 

Actual 

Value 

LIFTOFF WEIGHT (LB) 

• 

291 > 785. 71 

291 , 286.85 • . 

291,290.0 

SOLID MOTOR BURNOUT ( 6 ) 





Time (Average) 

sec 

30.62 

38.61 

38. 9 T 

Inertial Velocity 

ft /sec 

1660.03 

1677.0 

1668.89 

Velocity (Relative to 
Launch Point) 

ft/sec- 

1,259.8 

1,274.5 

1 , 264.1 

Inertial Flight Path 
Elevation Angle 

deg 

1 » 2.67 

42.99 

43.05 

Flight Path Elevation 
Angle* 

• 

deg 

63.12 

63.62 

64.15 

Inertial Flight Path 
ArAinuth Angle 

deg 

116.37 

116.17 

115.51 

Fliglit Path Azimuth 
Angle * 

deg 

196.61 

195.93 

196.42 

Range 

ft 

6530.9 

66 o 4.3 

6680.2 

Altitude 

ft 

19 , 621^.4 

19,759.2 

20,533.4 

SOLID MOTOR BURNOUT ( 3 ) 





Time (Average) 

sec 

77.81 

77.81 

77.61 

Inertial Velocity 

ft /sec 

2,657.7 

2 , 643.5 

2,679.0 

Velocity (Rela'tive to 
La\jnch Point) 

ft /sec 

2 , 640 .U 

2,628.5 

2 , 664.3 

Inertial Fli^dit Path 
Elevation Angle 

deg 

37. 3 U 

37.47 

38.27 

Fli^t Path Elevaticm 
Angle* 

deg 

37 .J ^6 

37.55 

38.35 

Inertial Fli^t Path 
Azimuth Angle 

deg 

161.60 

161.60 

161.66 

Fli^t Path Azimuth 
Angle* 

deg 

196.48 

196.71 

196.67 

Range 

ft 

52 ,668 

52,499 

51,723 

Altitude 

ft 

71,030 

71,649 

72,573 

* Angle is with respect to the 

relative 

velocity vector. 
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Table 3 (Continued) 


SUMMARY OF FIRST STAGE PERFORMANCE PARAMETERS 
(COS-B Mission) 


Item 

Unit 

Guided 

Nominal 

Value 

BET With Winds 
Value 

Actual 

Value 

lOLID-MOTOR SEPARATION ( 8 ) 



' 


Ti me ( Ave rage ) 

sec 

87.00 

87.00 

87.34 

Inertial Velocity 

ft/sec 

2853.1 

2833.1 

2891.0 

Velocity (Relative to 
Launch Point) 

ft/sec 

2878. 3 ■ 

2864.8 

2926.4 

Inertial Flight Path 
Elevation Angle 

deg 

33.11 

33.19 

33.65 

Fli^t Path Elevation 
Angle* 

deg 

32.61 

32.60 

33.22 

Inertial Fli^t Path 
Azimuth Angle 

deg 

166.10 

166.33 

166.75 

Fli^t Path Azimuth 
Angle* 

deg 

196.50 

196.93 

196.93 

Range 

n.mi. 

12.06 

12.00 

12.12 . 

Altitude 

n.mi. 

Ik. 08 

i 4.17 

14.56 ' 

GUIDANCE INITIATION 



• 


Time 

sec 

125.0 

125.0 

125.0 

Inertial Velocity 

ft/sec 

U 486.2 

4465.7 ' 

4528:9 

Velocity (Relative to 
Launch Point) 

ft/sec 

4609.7 

4594.5 

4674.9 

Inertial Fli^t Path 
Elevation Angle 

deg 

20.52 

' 20.43 

21.24 

Fli^t Path Elevaticxi 
An^e* 

deg 

19.77 

19.66 

20.38 

Inert! Fli^t Path 
Azimuth Angle 

deg 

17 T .35 

177.58 

178.53 

Fli^t Path Azimuth 
Angle* 

deg 

194.38 

194.65 

195.40 

Range 

n.mi. 

23.66 

23.68 

24.43 

Altitude 

n.mi. 

23.66 

23.68 

24.43 
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Table 3 (Concluded) 


SU-OdART OF FIRST STAGE PERFORMANCE PARAI-IETERS 
(OOS-B MISSION) 


Item 

Unit 

Guided 

Nominal 

Value 

BET-With-Winds 

Value 

Actual 

Value 

MAIN ENGINE CUTOFF SIGNAL 


• 



Time 

sec 

229 . 9^+2 

230.653 

226.835 

Inertial Velocity . 

ft/sec 

■i 61 iU 3.9 

. 16505.0 

16446.0 

Velocity (Relative to 
Lavmch Point) 

ft/sec 

- 16U86.U 

16547.5 

16482.6 

Inertial Fli^t Path 
Elevation Angle 

deg 

11.31 

11.30 

11.18 

Flif^t Path Elevation 
Angle * 

deg 

11.11 

11.10 

. 10.99 

Inertial Flight Path 
Azimuth Angle 

deg 

179.53 

179.54 

179.28 

Flight Path Azimuth 
Angle* 

deg 

184.22 

184.21 

183.96 

Longitude 

deg 

121.19 

121.19 

121.18 

Geodetic Latitude 

deg 

31.71 

31.69 

31.78 

Range 

n.mi. 

184.64 

185.67 

180. 4 o 

Altitude 

n.mi. 

58.58 

58.78 

57.81 

IIP Time 

sec 

659.52 

663.15 

652.30 

IIP Range 

n.mi. 

1297.21 

1309.7 

1283.0 

Weight 

lb , 

26924.4 

26833.4 

26833.4 

Li(iuid Propellant Utilization 

% 

99.81 

99.81 

99.84 


* Angle is with respect to the relative velocity vector 




Table h 


SM'IARY OF SECOND STAGE PERPOBIANCE PARAMETERS 
(COS-B MISSION) 


. Gxiided 

Item lto.it Mojninal BET With Winds Actual 

Valxie Value Value 


SECOND STAGE START 


Time {Steady State) 

sec 

2h3.662 

244.373 

24 o. 8 ii 

Inertial Velocity 

ft/sec 

I6U26.6 

16487.9 

i 64 i 6.5 

Velocity (Relative to 
Launch Point) 

ft/sec 

I6U70.O 

16531.4 

16460.1 

Inertial Fli^t-Path 
Elevation Angle 

deg • 

10.47 

10.47 

10. 60- 

Fli^t-Path Elevation 
Angle* 

deg‘ 

10.27 

10.27 

10.40 

Inertial Fli^t-Path 
Azimuth Angle 

deg 

179. 54 

179.55 

, 179.55 

Fli^t-Path Azimuth 
Angle* 

deg 

184.26 

184.25 

, 184.26 

Range 

n.mi.- 

220.5 

221.66 

216.9 

Altitude 

n.mi . 

65.5 

65.72 

64,9 

Wei^t 

lb 

15744.6 

15706.0 

15708.7 


NOSE FAIRING JETTISON 
Time 

sec 

273.32 

274.033 

270.35 

Wei^t of Fairing 

Ib 

1320.0 

1305.0 

1305.0 

* Angle is vith respect to the 

relative 

velocity vector. 
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Table U (Continued) 


fit.?- 








SU-IMARY OF SECOi^D STAGE PERFORJWICB PARAMETEPS 


Item 

Unit 

Guided 

Nominal 

Value 

BET With Winds 
Value 

Actual 

Value 

SECOiJD STAGE FIRST BURHOUT 
(SECO) 1 




— 

Time 

sec 

530.832 

• 534.662 

530.873 

Inertial Velocity- 

ft/sec 

25636.8 

25639.3 

25636.2 

Velocity (Relative to 
Laundi Point) 

ft/sec 

25678.2 

25680.8 

25677.7 

Inertial Fli(i)it Path 
Elevation Angle 

deg 

-0.98 

- 0.97 

- 0.97 

Plifht Path Elevation 
Angle* 

deg 

-1.07 

-1.07 

-1.07 

Inertial Flight Path 
Azimuth Aiigle 

deg 

179.66 

179-86 

179.86 

Plight Path Azimuth 
Angle* - 

deg 

183.26 

183.26 

183.26 

Range 

n.mi . 

III0.6 

1154.5 

1152,64 

Altitude 

n.ml. 

121.4 

121.2 

121 . 5I* 

Wei^t 

lb 

5170 . 0 - 

5194.4 

5143.62 

Longitude 

deg 

122.36 

122.37 

122.36 

Geodetic Latitude 

deg 

15.75 

15.52 

15.55 

Radius of Apogee 

n.mi. 

3678.4 

3679.0 

3677.5 

Radixis of Perigee 

n.mi. 

3531 . 1 * 

3531.6 

3531.2 

Inclination 

deg ' 

89.869 

89.869 

89.869 

Eccentricity 

— 

0 . 020 ^ 

0.02044 

0.02029 


^ Angle is with respect to the* relative velocity vector. 
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Table It ( Concluded) 


SUMMARY OF SECOND STAGE PERFORMANCE PARAMETERS 
(COS-B MISSION) 


Item 

ttoit 

Guided 

Nominal 

Value 

BET-With-Winds 

Value 

Actxial 

Value 

PROPULSIVE PERFORMANCE 
PARAMETERS (FIRST BURN) 



- 


Bum Period (Steady State 
to SEcai 1) 

• 

• 286.459 

’ 289.546 

289.42 

Thrxist (Average) 

Ib 

9,707.09 

9,548.36 

9,596.9 

Sped lie Impulse 
(Average) 

sec 

301.77 

300.63 

300.66 

Total Second Stage 
Impulse 

lb-sec 

2,780,681.9 

2,764,689.6 

•2,777,539.2 

Total Propellant 
Consumed (Steady State 
'^'to SECCM^) 

lb 

9,236.4 

9,196.45 

9,238.0 

Propellant Consun^jtion 
(Steady State to 
SECOt^^) 

% 

92.01 

91.81 

.92.37' 
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Table 5 


SUM?-IARY OP THIRD STAOE PERFOratAHCE PARWETERS 
(COS-B MISSION) 




Pre- 


Recon- 

Item 

. Unit 

dicted 

BET-With-Winds 

structed 



Value 

Value 

Value 

THIRD STAGE IGNITION 

• 




Tine 

sec* ** 

3,068.82 

3,070.94 

3,068.82*** 

Inertial Velocity 

fps 

25,159.8 

• 25,152.8 

25,159.8 

Velocity (Relative to 
Launch Point) 

fps 

25,199.8 

25,192.7 

■25,199.8 

Inertial Pli^t Path 
Elevation Angle* 

-deg 

1.09 

1.10 ■ 

1.09 

Fli{^t Path Elevation 
Angle* 

‘deg 

0.97 

0.97 

0.96 

Inertial Flight Path. 
- Azinuth Angle 

deg 

O.lU 

0.14 

0.l4 

Flight Path Azinuth 
Angle* 

deg 

356.77 

356.77 

356.77 

Longitude 

deg 

-lt7.01 

-47.01 . 

-47.00 

Geodetic Latitude 

. deg 

-23.19 

-23.19 

-22.91 

Euler Attitude Angles* 

• 




Pitch (©pg) 

deg 

169.56 

169.56 

170.37 

Yaw (i|.pg) 

deg 

15.57 

15.57 

15.01 

Roll ((frpg) 

deg 

-79.09 

-78.79 

-79.06 

Range 

n.mi. 

9.8U9.9 

9,862.7 

9,849.9 

Altitude 

n.ni. 

189.2 

190.7 

189.2 

Wei^t 

lb 

2,262 

2,262 

2,262 


*AnRle is with respect to the relative velocity vector* 

**Euler angles ©pgi 4>P3 angles specifying the orientation of 

the vehicle axes ^p3» ^PB^ with respect to an inertial reference 

platform. The order of rotation- is: Pitch, 0_„ about (positive turning 

Pi5 Pi5 

Zpg into Xpg); yaw. 'I'pp about Zp^ (positive turning Xp^ into Ypp); and roll, 
(Jipg about Xpg (positive turning Yp^ into Zpg). in degrees, 

***ltl,5 seconds after stage II/III separation, T»^^TS^ 
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Table 5 (Continued) 

SUIJMARY OP THIRD STAGE PERFORMANCE PARAMETERS 
(COS-B mssioN) 


Item 

Unit 

Pre- 

dicted 

BET-With-Winds 

Recon- 

stnicted 



Value 

Value 

Value 


THIRD STAGE BURNOUT 


Time" 

sec 

Inertial Velocity 

ft /sec 

Velocity (Relative to 
Launch Point 

ft /sec 

Inertial Flight Path 
Elevation Angle 

deg 

Pli^t Path Elevation 
Angle* 

deg 

Inertial Flight Path 


Azimuth Angle 

deg 

Flight Path Azimuth 
Angle^ 

•deg 

Longitude 

deg 

Geodetic Latitude 

deg 

Euler Attitude Angles** 

1 

Pitch (0pg) 

deg 

Yaw (^pg) 

deg 

Roll (<J»pg) 

deg 


3 , 113.62 

3,115.739 

3,113.62 

34 , 615.3 

34,609.8 

34,622.8 

34 , 648.7 

34 , 643.1 

34,660.5 

2.56 

2.49 

2.76 • 

2 . 4 U 

2.-37 

2.64 

360.00 

360.00 

359.84 

357.48 

357.49 

357.32 

- 46.82 

- 46.83 

- 46.82 

-19.52 

-19.79 

-19.52 

169.56 

169.56 

170.37 

15.57 

15.57 

15.01 

78.79 

- 78.79 

- 79.00 


•Angle is with respect to the relative velocity vector. 

••Euler angles angles specitying the orientation 

of the vehicle axes (Xpg, and Zp^) with respect to an inertial 

reference platform. The order of rotation is pitch, Opg about Ypg 
(positive turning Zp^ into yaw, ifipg about Sb (positive turning Xpg 

into Ypg); and roll, ij>pg and 3 ^ (positive turning Ypg into in degrees. 
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Table 5 (Concluded) 


SWffiARY OF 

THIRD STAGE 
(cos-3 1 

PERFORIIAIICE 

MISSION) 

PARAIlETERa 




Pre- 


Recon- 

Item 

Unit 

dieted 

BET-With-Uinds 

structed 



Value 

Value 

Value 

Inertial Attitude Angles* 





Elevation Angle 

deg 

5.30 

5.03 

6.04 

Azimuth Angle (<^’j^) 

deg 

359.62 

359.63 

359.02 

Roll Angle '("^‘jj) 

deg . . 

-82,11 

-82,10 

-82.16 

Range 

n.mi. 

9,681.5 

9,695.4 

9,681.4 

Altitude 

n.ni. 

l9lv.T9 

196.2 

195.2 

Weight 

lb 

811.5 

811.6 

811.5 

Total Third Stage Impulse 

lb-sec 

417,678.9 

417,678.9 

418338.8. 

Spacecraft Weight 

lb 

612.0 

6i4.15 

614.15 

Radius of Apogee 

n,mi. 

57,670.8 

57,732.8 

58,204.6 

Radius of Perigee 

n.ni. 

3,629.7 

3,631.4 

3,628.8 

Inclination Angle 

deg 

90.000 

90.000 

90.155 

Eccentricity 

— 

.8816 

, 8816 

.8826 

Argument of Perigee 

deg 

335.13 

335.0O9f 

334.7 


*The vehicle centerline elevation angle O’j^ is the angle between the 
vehicle centerline and the plane peroendicular to the radius vector 
fron the center of the earth tp. the vehicle (positive for the vehicle 
nose pointing away from the earth), in degrees. Vehicle centerline 
azimuth angle i® the angle between the local meridian and the pro- 
j action of the vehicle centerline onto a plane perpendicular to the 
radius vector from the center of the earth to the vehicle (positive 
clociofise from true north), in degrees,- The vehicle instantaneoxis 
geocentric roll angle is in degrees. 
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Table 6 


SUMMARY OF POSTFLIGHT STATISTICS 
HOMIKAL PKSDICTIONS 
(COS-B Mission) 


BOOSOER: BSV-3P-1A Extended Long Tank 

SECOND STAGE: DSV-3P-1»B (Quartz) 


Parameter 


COS-B No. of 

Deviation from Guided. Nominal Samples 


Mean 

Deviation 


Sigroa About 
Mean 


SOLID MDTORS (6) 

• 




- K 

Drop Time . ' 

• +0.34 • 

•* 12 • . 

-0.235 ‘ 

0.686 

GUIDANCE INITIATION 


• 



Altitude (n.mi.) 

+0-7T 

10 

0.623 

0.527 

Inertial Velocity (ft /sec) 

+92.7 . 

10 

60.7 

97.7 

Inertial Fli^t-Path Elevation 
Angle (deg) 

+0.72 

10 

0.94a 

•0.360 

Inertial Fli^t-Path Azimuth 
Angle, (deg) 

+1.18 

10 

-0;018 

0.621 

MEGO 


, 



Time (sec) 

-3.107 1 

10 

-1.555 

2.625 

Altitude (n.mi.) 

-0.77 

1 10 

0.037 ‘ 

0.523 

Inertial Velocity (ft/sec)* 

154 

-10 

179.2 

110,7 

Inertial Flight-Path Elevation 
Angle (deg) 

-0.12 ■ 

10 

. 0.040 

0.130 

Inertial Fli^t-Path Azimuth ' 
Angle (deg) 

-0.15 

10 

0.016 

0.079 


® Based^n DIGS telemeti^ data and predicted nominal l^ECOjjglocity 
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TABLE 6 ( Concluded) 


SUMMARY OF POSTFLIGHT STATISTICS 
KOMINAL PREDICTIONS 
COS-B MISSION 


BOOSTER: DSV-3P-1A Extended Extended Long Tank 

SECOND STAGE; DBV-3P-UB (Quart* ) 


P ar ame t e u De vi ati on 

COS-B 

from Gtiided Nominal 

No, of 
Samples 

Mean 

Deviation 

Sigtna About 
Mean 

SECOND STAGE 





First Bum Time (sec) ’ 

2.892 

10 

0.488 

• 2.902 

Propellant Consunption 
Throu^ End of Primary 
Mission (JSiPU/oPU) 

0.66 

10 

-0.7T1 

1.320 

SECO 1 





Altitude (n.mi.) 

+0.10 

11 

0,0l4 

0.242 

Inertial Velocity (ft/sec) 

0.6 

11 

• -0.493 

3.644 

Inertial Fli^t-Path Elevation 
Angle (deg) 

0.01 , 

11 

0.0004 

-0.010 

Inertial FU^t-Path Azimuth 
Angle (deg) 

0.00 

11 

0.063 

0.090 
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TsOble T 


SUMMARY OF POSTFLKHT STATIS03CS 
i’AG PREDICTIONS 
COS-B MISSION 


BOOSTER: ESV-3P-1A Extended Long Tank 

SECOND STAGE: DSV-3P-UB (Quartz)- 


Parame-ter 

COS-B 

De-viation from Tag 

No. of 
Sandies 

Mean 

Deviation 

Sigma About 
Mean 

BOOSTER 


• 



Burn Time (sec) 

. -3.1*97 

10 

-1.736 

1.820 

MECO Inertial Velocity (ft/sec)** 

+92 

10 

176.9 

121.2 

MEOO Altitude (n.ml.) ' 

-0.98 

' 10 

0.021 

. 0.533 

SECOND STAGE 



• 


First Bum Tirie (sec) 

-0.227 

10 

-4.988 

2.867 

Propellant Consvanption 
Through End of Primary 
■ Mission (jSPU/cPU) 

0.035 

10 

0.035 

1.066 

Tailoff In^julse (ib-sec) 

147 

10 

44.778 

102.404 

* Based on DIGS -telemetry data and predicted nominal MECO velocity. 





FIGURE I 


EXTENDED LONG TANK DELTA COS-B MISSION 

UPPER AIR TEMPERATURE DATA 
WESTERN TEST RANGE , VANDENBERG AFB 
8 AUGUST 1975 0147 ~GMT ( 1847 PPT) 
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ALTITUDE, h (iOOO'FT) 


EXTENDED LONG TANK DELTA COS-B MISSION 

PRESSURE DATA 

WESTERN TEST RANGE . VANDENBERG APB 
8 AUGUST 1975 0147 GMT { 1847 PPT) 


FIGURE 2 
















ALTITUDE » h (lOOQ FT) 



METEOROLOGICAL CONDITIONS FIGURE 3 

UPPER WIND DATA 

WESTERN TEST RANGE, VANDENBERG AFB 
8 AUGUST 1975 . 0147 GMT.0847 PPT) ‘ ' 







VEHiaE TOTAL THRUST, F (lOOO LB), 


FIGURE 4 



ti Cl 


extended long tank delta cos-b mission 

VEHICLE TOTAL THRUST~ 

SFCOND STAGE 
S/N_20020_ 
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SECTION 2. PROPULSION SYSTEMS - COS-B MISSION 



SECTION Z 


Attachment 2 to: 
A3-262-AMOO-M75-509 


PROPULSION SYSTEMS - COS-B MISSION 


2.1 INTRODUCTION 

Overall performance of .the COS-B launch vehicle propulsion systems was ■ 
satisfactory throughout first, second, and third stage flight. All data 
returned by telemetry channels used to monitor propulsion systems performance 
were satisfactory with two exceptions. The LOX pump inlet pressure transducer 
failed at approximately 74 seconds from liftoff, and the second stage chamber 
pressure exhibited the same anomalous characteristics observed on previous SSPU 
flights. 

A summary of vehicle model and serial numbers is provided in Table 2~1. There 
were seven first flight items on this flight. These first flight items are 
listed in Table 2-2. All flight times in the text are given in seconds after 
DIGS indicated- liftoff unless otherwise noted. The "DIGS Liftoff" time for 
this flight was defined as the time at which the vehicle achieved approximately 
37.5 ft/sec2 acceleration (about 5.3 ft/sec2 off the pad) for four consecutive 
20-millisecond time intervals. The propulsion system sequence of events is 
summarized In Table 2-3. 

Reconstructed booster and second stage perfomanca parameters are compared in 
Table 2-4 with corresponding values from the latest booster nominal simulation 
(Reference 2-1) and the Detailed Test Objectives Report (DTO, Reference 2-2). 
Values from both reports are referred to as nominal values since results of the 
nominal simulation are used to generate the DTO. 

First and second stage reconstructed values are compared also with values from 
the Best Estimate Trajectory v/ithout winds (BET, Reference 2-3) and the 
Propulsion preflight tag predictions (References 2-4 and 2-5) in Table 2-4. 
Cumulative statistics for all comparisons in Table 2-4 are 'presented in 
fable 2-5. 



In this section, the word "predicted" refers to prefliqht predictions of 
performance for the Propulsion systems utilized on this vehicle (References 2-4 
and 2-5) and does not denote nominal or DTO values. The v/ord "reconstructed" 
refers to postflight reconstructions of performance Generated using telemetered 
system pressures, temperatures, event times, acceleration, and (for the second 
stage) flowrates. The term "internal" refers to reconstructions based on 
pressures, temperatures, and events. The term "external" refers to reconstructions 
using acceleration and. the internally reconstructed vehicle mass history. 

2.2 FIRST STAGE PERFORMANCE 

Performance of the first stage propulsion systems is described in the following 
paragraphs. . 

2.2^1 Main Engine 

All valid telemetry data indicated that the main engine flight performance was 
satisfactory, as summarized in Table 2-4. 

Figure 2-1 shows the nominal and actual start sequence. times. The agreement 
observed betv/een the nominal and actual sequence times indicates a normal 
start sequence based on available engine statistics. The main engine start’ 
sequence was initiated 2.338 seconds prior to liftoff (DIGS). 

Main engine cutoff (MECO) occurred 226.835 seconds after liftoff due to actuation 
of the fuel injector pressure switches- (FIPS). The propellant residual at MECO- 
was 281 pounds of fuel or 19 pounds less than the loaded bias of 300 pounds. The 
residual corresponds to a propellant consumption and a propellant utilization (PU) 
of 99,84 percent and mixture rati.o variations of -0.0007 mixture ratio units (mru) 
•from -the preflight prediction and -0.0187 mru from the ground test tag prediction. 

Figures 2-2 and 2-3 present the internal reconstructed liquid engine thrust 
and flowrate histories, respectively. The overall performance v.'as good and 
generally verified the performance model. 
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The DIGS thrust acceleration measurements, together with preflight predicted 
drag and postflight internal reconstructed vehicle mass, were used to compute 
total external booster thrust and specific impulse. Figure 2-4 depicts the 
internal and external reconstructed thrust histories which agree very closely 
from' liftoff to MECO. 

Table 2-6 presents a comparison of averages for total vehicle altitude thrust 
and specific impulse between 120 seconds and MECO and the average mixture ratio 
over the entire flight. The internal reconstruction indicates first stage Isp 
was about 0.52 seconds higher than predicted; the external reconstruction shows 
a decrease of about 1.45 seconds from the predicted value. The preflight pre- 
dicted and internal and external reconstructed values are compared with the ground 
test tag prediction in Table 2-6. Cumulative statistics for these parameters are 
also tabulated in Table '2-6. 

2.2.2 PQGO Suppression System (PSS) 

The PSS was pressurized from a 464 psia reaulated AGE source until liftoff. 

No inflight pressurization was provided, thus the inflight LOX volume was a 
function of the ullage gas mass and temperature and of the LOX pump inlet 
pressure. The two temperature probes in the PSS showed that the PSS performed 
satisfactorily and the LOX and ullage gas volume constraints were satisfied 
throughout the flight. The upper probe may have been covered momentarily by 
splashing at liftoff, 

2.2.3 Vernier Engines 


Vernier engine performance appeared satisfactory based on telemetered chamber 
pressure data from vernier engine No. 2. Reconstruction indicates that the engine 
was operating at a thrust level of 977 pounds during vernier engine solo, which 
is less than the nominal thrust of 1002 pounds. 
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4:.4.h aona notors 

Based on telemetered data and reconstructed performance values, the performance 
of the solid motors v/as satisfactory. Table 2-4 summarizes solid motor per- 
formance and Table 2-5 presents cumulative statistics for Castor II motors. 

The reconstructed solid motor performance- is based on event times and the 
chamber pressure histories. Total burn times for both the qround-ignited and 
altitude-ignited motor sets- were generally slightly less than oredicted'. V/eb 
times v/ere slightly greater than predicted. All burn and web times were well 
within the allowable dispersion band of the Castor II motors. 

All of the solid motor start and thrust buildup transients were normal. Total 
thrust and flovirate histories for the solid motors plus the main engine are 
shown in Figures 2-4 and 2-5, respectively. 

2.3 SECOND STAGE PERFORMANCE 

The second stage engine operated normally for the first burn -of 289.75 seconds, 
which was 0.75 seconds .shorter than the BET prediction. The experimental 
restart had a duration of 25.06 seconds for a total burn time about 6.1 seconds 
less than the predicted depletion burn time of 320.6 seconds. A fuel depletion 
was observed-. A summary of second stage first bum engine performance is' 
presented in Table 2-4 while specific impulse, thrust, and flowrate histories 
are depicted in Figures 2-6, 2-7, and 2-8, respectively. Table .2-5 presents 
statistical data for values in Table 2-4, 

2.3.1 First Burn 

During first burn operation, the second stage temperatures and pressures were 
nominal. The propellant tanks pre-pressurization sional occurred at 229.83' 
seconds, 3.00 seconds after MECO (FIPS) command. During the pre-pressurization, the 
helium bottle, helium regulator, and propellant tank pressures were as expected. 
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2. 3. 1.1 First Burn Transient Performanca 


The total start transient impulse calculated using chamber pressure data was 
346 pound-seconds compared to the previous average'f light value of 383 pound- 
seconds. The total propellant consumed during the start transient was 2.31 
pounds compared to the average value experienced of 2.43 pounds. The shutdown 
propellant flow to propellant valves closure was 6,36 pounds compared to the 
average value experienced of 5,23 pounds, 

DIGS accelerometer data indicate a shutdown impulse of 3187 pound-seconds* 
compared to the 3040 pound-seconds prediction derived from analysis of data from 
previous flights. The shutdown transient performance is summarized in Table 2-4, 

2. 3. 1.2 Steady-State Performance 

Second Stage Ignition Command No, 1 (SSIC No, 1) occurred 240.81 seconds after 
liftoff and Engine Start No. 1 occurred 0.37 second later at 241.18 seconds. 

SECOM No. 1 occurred 530.56 seconds after liftoff as the result of a planned 
DIGS-initiated cutoff correnand. Therefore, the propulsion system first burn 
steady-state powered flight duration (from Engine Start No. 1 to SECOM No. 1) 
was 289.42 seconds. This time was 1.08 seconds shorter than the BET predicted 
duration. The reconstructed average thrust was- higher than predicted, as was 
the average flowrate yielding an average specific Impulse that was 1.75 seconds 
lower than the BET prediction. 

Although it did not adversely affect the primary mission, the COS-B vehicle 
experienced an anomalous vibration which occurred from 165 to 212 seconds into 
second stage burn. ' This anomaly is discussed in detail in Anomaly Report 
No. T00166. The vibration had -an acceleration level of approximately 2 g's zero 
to peak in the thrust axis at a frequency of approximately 130 Hz, as measured 
at the guidance section. 

The fuel manifold used on COS-B was of a new buy, built especially. for the Delta 
■Program (previous fuel manifolds were designed for the Lunar Module Descent Engine or 
LMOE). The Delta fuel manifold incorporated minor production changes, including 
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a weld bead at the Inlet. Corrective measures being considered at this time 
include the removal of the weld bead and stiffening of the thrust mount. 

Analysis is continuing as additional test data become available. During the 
interim, silica chambers are being flown on stages utilizing the Delta mani- 
fold to improve stability margins. 

Another anomaly with respect to mixture ratio and specific impulse was identified 
and is discussed in detail in Anomaly Report No. T00168. Reconstruction of 
inflight performance indicated an approximate 0.010 mru shift in mixture ratio 
(M.R.) starting during the period of 130 Hz oscillations. The initial re- 
construction also indicated an apparent 1 % lower than expected specific 
impulse (Isp) throughout first burn engine operation. 

The specific cause of the mixture ratio shift has not been determined, but is 
considered an effect of the 130 Hz oscillations due to the simultaneous 
onset times. Possible causes of the M.R. shift are: 1) cracks in the oxidizer 

pintle slots as a result of the oscillations, or 2) the effect of oscillations 
on flowmeter calibration (although the apparent increase in oxidizer flow rate 
is not consistent with postulated flowmeter failure modes). 

The apparent low specific impulse has been attributed to flowmeter calibration 
error. A detailed evaluation of propellant depletion characteristics indicated 
a bias in the oxidizer flowmeter over the entire engine burn time. With the 
bias taken out of the flovmieter data, the calculated specific impulse is 
normal. Normal performance was also verified by stage velocity data; therefore,- 

it is concluded that the engine specific impulse was normal. Information 

% 

presented- in this report reflects the corrected data. 

Predicted and reconstructed values for propellant consumption were comparable. 
Approximately 808 pounds of usable propellant renained on board after SECOM No. 1 
in reserve for -the second and third burns. This represents a first burn pro- 
pellant consumption (PC) of 92,37 percent. According to the integration of 
flowmeter data, the average first burn mixture ratio was 1.584 mru, less than 
the 1.598 predicted but within two sigma of the predicted value. 
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Reconstruction of thrust from acceleration data yields an average specific 
impulse of 300.66 seconds compared to a BET predicted specific impulse of 
302.41 seconds. As depicted in Figure 2-6, from approximately ignition plus 
200 seconds the reconstructed specific impulse decreases at a faster rate, 
moving farther away from the predicted level. The start of this decay in 
specific impulse (Isp) is coincident with the beginning of the tailoff portion 
of flight. 

Based on chamber pressure data, the reconstructed throat erosion was -1.2 
percent compared to a predicted value of 2.2 percent. 

2.3.2 Coast 

The second stage coasted for approximately 2688 seconds bet\/een the first and 
second burn. All monitored pressure and temperature values were acceptable 
during coast. The fuel tank pressure increased by about 15 psi and the 
oxidizer tank pressure rose about 27 psi during coast due to heating. Character- 
istics of the fuel tank pressure data indicate proper levels throughout the 
mission. 


2.3.3 Second Burn (Experimental) 

The second burn (as reconstructed) was initiated at 3218.3 seconds after 
liftoff. The burn was preceded by a settling period of approximately 15 seconds. 
No actual data were available for restart. Therefore, no conclusion can be 
made as to the adequacy of the settling period. 

The restart steady-state burn duration was approximately 25.06 seconds which 
was 5.79 seconds shorter than the predicted value. Restart burn times usually 
are shorter than predicted because heating during coast increases the propellant 
tank pressures resulting in higher than predicted thrust and flowrate levels. 

Approximately 55 pounds of propellant remained on board after SECOM No, 2, 

This corresponds to a propellant consumption value of 99.74 percent for the 
two burns. 
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2.-3. 6 Nitrogen Auxiliary Propulsion -System (AP3) 


Predicted and actual impulse, usages from the nitrogen APS for various events 
are tabulated below: 


Event 

Usage 

Predicted 

Actual -Predicted 

First burn 

18 

16 

2.3 

First coast 

297 

430 

-133 

Separation and retro 

54 

44 

10 

Plume impingement 

- 14 

40 

-26 

Settling 

125 

115 

10 

Experimental burn 

1 

1 

0 

Total 

509 

646 

-137 


Overall APS performance was normal. 

2.3.7 Second Stage Retro Initiation 

^ POOR 

-Second stage retro initiation occurred at 3027.29 seconds after liftoff. 

During retro, bottle pressure decayed normally from 190 psia to approximately 
zero psia. . Based on the DIGS system integrated velocity value, the separation 
distance at third stage ignition was approximately 42.3 feet, compared to the • 
minimum required of 25 feet, 

2.4 THIRD STAGE PERFORMANCE 

2.4.1 Spin Motors . 

The spin table microswitch data indicate that the eight spin motors were fired 
at 3025.30 seconds after vehicle liftoff and produced a spin rate, of approxi- 
mately 39.3 rpm (versus predicted 39.8 rpm) at third stage/spin table separation. 
It is concluded that all eight spin motors performed satisfactorily. 

2.4.2 Third Stage Motor 

Performance of the third stage motor (TE-M-364-3, S/N 00025) was satisfactory 
based on the accuracy of the spacecraft orbit. The chamber pressure data 
^exhibited a -10 psi shift at 23 seconds after ignition, and a complimentary 
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+10 psi shift at motor talloff. The shape of the pressure-time curve appeared 
to be normal both prior to and after the pressure shifts. Accelerometer data 
did not exhibit corresponding shifts in the acceleration level, and it is there- 
fore believed that the chamber pressure data shifts are not indicative of actual 
motor performance. Immediately after third stage motor tailoff, low level 
oscillations were noted on the spacecraft attach' fitting accelerometers. The 
oscillations had a maximum amplitude of 2.3 6's 0-peak at a frequency of 800-1000 Hz, 
and lasted for 18 seconds. During this period of time, the motor chamber pressure 
did not register any activity. The cause of the oscillations is unknown at this 
time, but is under investigation. Predicted third stage solid motor performance 
parameters, obtained from Reference 2-6, are listed in Table 2-7. 
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TABLE 2-1 

VEHICLE AND VEHICLE COMPONENT: IDENTIFICATION SUMMARY (COS-B) 


Item 

Manufacturer 

Model 

Serial No. 

Launch Vehicle 

MDAC 

DSV-3P-11B 

20018 

First Staqe 

MDAC 

DSV-3P-1A 

20020 (602) 

Main Engine 

Rocketdyne/A Division of 
Rockwell International 
Corporation (RD) 

RS2701A 

0017 

Vernier Engines (two) 

RD 

LR-lOl-NA-11 

No. 1; 338180 
No. 2: 338181 

Solid Motors (Set 
No. 1 - three) 

Thiokol Corporation (TO) 

TX354-5 
(Castor II) 

Mo. 1; 473 
No. 2: 474 

No. 3: 475 

Solid Motors (Set 
No. 2 - three) 

TC 

TX35A-5 
(Castor II) 

No. 4; 480 

No. 5: 535 

No, 6: 489 

Solid Motors (Set 

TC 

TX354-5 

No, 7: 494 

No. 3 - three) 


(Castor II) 

No. 8: 498 

No. 9: 548 

Second Stage ProDulsion System MDAC 

DSV-3P-4B 

20020 

Engine 

TRW ! 

TR-201 

1016 

Third Stage 

TC 

TE-Mr364-3 

00025 

Spin Motors 

Atlantic Research Corporation (ARC) 

1D00399-529 




TABLE 2-2 

FIRST FLIGHT iTEriS (COS-8) 


1. Castor II motors with bimodal oxidizer propellant: Castor II Motors, 

S/H's 473, 474, 475, 480, and 489, were loaded v/ith bimodal oxidizer 
propellant aft of the aft propellant slot. This is a departure from the 
standard trimodal oxidizer propellant. 

2. Castor II direct-mount pressure transducer: Previously, the solid motor 

chamber pressure transducer was mounted in the motor forward dome v/ith 

a short hardline connection to the motor pressure port. The change to 
the direct-mount configuration was accomplished to reduce potential 
hardline leak paths and facilitate launch site installation, 

3. Castor II solid motor aluminum wiring tunnel; The previous fiberglass 
tunnel cover has been replaced v/ith a similar design fabricated of 
aluminum including cork sheet interior insulation. The change to the 
aluminum tunnel was implemented to reduce cost. 

4. Over-age TE-M- 364-3 third stage motor: This v/as the oldest third stage 
motor to be flov/n (44 months old at launch). The oldest motor 
previously flov/n was S/F^ 00026 on SKYNET-IIB (35 months old), 

5. Second stage fuel and oxidizer tank shutoff valves: The Fuel Tank 

Shutoff Valve (FTSV), P/N 1B96916-1, and Oxidizer Tank Shutoff Valve 
(OTSV), P/fl 1B96916-501, replace the FTSV, P/N 1B95417-507, and OTSV, 

P/N 1B95417-509, effective DSV-3P-4B, S/H 20020, and subsequent. 

The Pneudraul 1 cs , Inc., P/N 9386, restrictor check valve (PRCV) was . 
replaced by the 1B97422-1 PRCV in order to obtain proper OTSV-FTSV 
differential opening time with the new TSV's, Physically, the two 
valves are identical except for the size of the restrictor flow 
orifice. The incorporation of the new TSV's also required minor 
modification of the interconnecting tubes betv/een the PRCV and the 
TSV's, and a change in the pressurization sequence. 

6. Second stage fuel pressurization fitting modification: The 1894500-1 

fuel tank pressurization fitting located on the fon/ard dome of the 
SSPU fuel tank v/as modified by having its sense port increased from 
0.098 inch diameter to 0.300 inch diameter. In addition,, a 0,012 to 
0.013 inch diameter hole was added between the fitting inlet pressure 
port and the fuel tank top pressure sense port. 

7. POGO accumulator vendor change: The 1B89068-507 POGO accumulator 

(manufactured by Solar) was replaced by 1B96342 (manufactured by Coast 
Metal Craft). The vendor change was necessary because Solar no longer 
builds this part. The new accumulator is similar to the old part 
except for relocated transducer bosses and a slight decrease in internal 
volume as a result of different manufacturing techniques. 
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TABLE 2-3 


PROPULSION SEQUENCE OF EVENTS (COS-B) 


Events 


-Time from Liftoff 
(Seconds) 


First Stage 


Main Engine Start Command -2,518 

Solid Motor Sets Nos. 2 and 3 Ignition Command -0.38 

Solid Motor Sets Nos. 2 and 3 Burnout 38.53 

Solid Motor Set No, 1 Ignition Command 38.97 

Solid Motor Set No. 1 Burnout 77.62 

Solid Motors Separation 87.34 

Fuel Floatswitch Actuation 217.555 

LOX Floatswitch Actuation 220,285 

Main Engine Cutoff Comnand (MECO) Enable 222,32 

MECO (FIPS) 226.835 

Sensed MECO 227.281 

Vernier Engines Cutoff Command (VECO) 233.805 

lst/2nd Stage Separation (Actual) 235.83 


Second Stage 
First Burn 


Pressurize Tanks 229.83 

Second Stage Ignition Command (SSIC) No, 1 240.811 

First Ciiamber Pressure Rise 241.075 

Engine Start No. 1 (Full Thrust) 241.15 

Fairing Separation (Command) 270.35 

Second Stage Engine Cutoff Command (SECOM) No. 1 530.563 

(Velocity or Depletion, etc.) 

Engine Stop (Valve Closure) 530.963 

Second Burn • 

Settling Jets On 3203,32 

SSIC No. 2 LOS 

First Chamber Pressure Rise LOS 

Engine Start No, 2 (Full Thrust) LOS 

Settling Jets Off LOS 

SECOM No. 2 (Fuel Depletion) 3247.514 

Engine Stop (Valve Closure) 3247.914 

Spacecraft or Third Stage Separation 3027,32 





TABLE 2*3 


PROPULSION SEQUENCE OF EVENTS (COS-B) CONTINUED 


Time from Liftoff 

Events (Seconds) 


Third Stage (From Third Stage Telemetry Data) 

Spin Motor Initiation; Third Stage Deley Squib 3025.30 

Initiation 

Second Stage Retro Initiation 3027.29 

Third Stage Separation 3027.32 

Third Stage Ignition 3071.2 *' 

Third Stage Burnout 3115.7 * 

Spacecraft Separation N/A 


*Estimated from third stage chamber pressure data. 
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to 

mJk 

Ol 


SUMMARY OF PERFORMANCE PARAMETERS (COS-B) 


•Internal Deviation Deviation 

Nominal Tag Reconstructed From Nominal From Tag , 

Parameter Unit Value Value • Value Value Value 


First Stage 


Liquid Engine System * 


* Average vacuum thrust 

Ibf 

223,278 

223,019 

226,522 

3,244 

3,503 

Average- vacuum effective 

sec 

291 .55 

292.61 

292.37 

0.82 

-0.24 

specific Impulse 







Propellant utilization 

* 

99.81 

99.81 

99.84 

0.03 

0.03 

Solid Motors (4, 5, 6) 







Average vacuum thrust 

Ibf 

166,119 

166,119 

168,311 

2,192 

• 2,192 

Average vacuum effective 

sec 

258.80 

258.80 

260.81 

2.01 

2.01 

specific impulse (Isp) 







Vacuum axial total impulse 

Ibf-sec 

6,414,503 

6,414,503 

6,473,312 

58,809 

58,809 

Solid Motors (7, 8, 9) 







Average vacuum thrust 

Ibf 

166,119 

166,119 

167,117 

998 

998 

Average vacuum effective Isp 

sec 

258.80 

258.80 

260.3 

1.5 

1.50 

Vacuum axial total impulse 

lb-sec 

6,414,503 

6,414,503 

6,447,931 

33,428 

33,428 

Solid Motors (1, 2, 3) 

1 

» 

■ 




Average vacuum thrust 

Ibf 

166,296 

166,296 

168,072 

1,776 

1,776 

Average vacuum effective Isp 

sec 

259.75 

259.75 

261.01 

1.26 

1.26 

Vacuum axial total impulse 

Ibf-sec 

6,454,599' 

6,454,599 

6,494,323 

39,724- 

39,724 
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TABLE 2-4. 

SUMMARY OF PERFORMANCE . PARAMETERS (COS-B) 
(CONTINUED) 


Nominal 

Value 


Tag 

Value 


Internal 

Reconstructed 

Value 


Deviation 
From Nominal 
Value 


Second Stage** 


Average thrust • 

Ibf 

9,650 

9,432 

9,597* 

-53 

165 

Average specific impulse 

sec 

302 #47 

302.41 

300.66* 

-1.81 

-1.75 

Average mixture ratio 

mru 

1.595 

1.598 

1.584 

-0.011 

-0.014 

Propel 1 ant consumption* (SECOi ) 

% 

93.02 

91.73 

92.37 

-0.65 

0.64 ■ ' 

Propellant utilization]**** 

% 

99.71 

99.71 

99.75 

0.04 

0.04 

Total steady-state impulse 

1 bf-sec 

2,822,434 

2,777,874 

2,777,885 

-44,549 

11 

Total shutdown impulse (SECO^)**** 

Ibf-sec 

3,040 

3,040 ' 

3,187*** 

147.0 

147.0 


*External ly Reconstructed 

**Nominal and Tag values are based on DTO and BET bum times, respectively 

***Based on DIGS velocity' data 

****Latest Propulsion Nominal and Tag Values 
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TABLE 2-5 


INTERNAL RECONSTRUCTED PERFORMANCE PARAMETER CUMULATIVE STATISTICS 

(COS-B) - 


Number Mean Mean Standard Standard 

of Deviation Deviation Deviation Deviation 
•Parameter Unit Samples From Nominal* From Tag Nominal Tag 


first Stage 

Liquid Engine System 

Average vacuum thrust 
Average vacuum effective 
specific Impulse 
Propellant utilization 

Solid Llotors (Sea-Level Ignition) 

Ibf 

sec 

t 

Average vacuum thrust 

Ibf 

Average vacuum specific Impulse 

sec 

Total vacuum axial Impulse 

l.bf-sec 

Solid Motors (Altitude Ignition) 


Average vacuum thrust 

Ibf 

Average vacuum specific Impulse 

sec 

Total vacuum axial impulse 

f 

Ibf-sec 

Second Stage 


Average thrust** 

Ibf 

Average specific impulse** 

sec 

Average mixture ratio 

mru 

Propellant consumption 

% ■ 


u 

1,821 

1,506 

2,238 

T,749 

If 

0.176 

-p.ood 

0.526 

0.309 

11 

-0.020 

0.010 




29 

i;ii7 

1,189 

2,446 

2,450 

29 

0.460 

0.460 

1.351 

1.361 

29 

11,712 

11,766 

33,343 

33,601 


11 

-1,139 

-1,134 

2,741 

2,749 

11 

-1.610 

“1 .600 

1,231 

1.228 

11 

-38,425 

-38,221 

34,847 

34,884 

13 

-169 

60.7 

161 

% 

82.9 

13 

-1.59 

-1.776 

0,633 

0.4246 

13 

0.0020 

-0.0040 

0.0093 

0.0094 

11 

-0.114 

-0.28 


m 


1 
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TABLE 2-5 


INTERNAL RECONSTRUCTED PERFORMANCE PARAMETER CUMULATIVE STATISTICS 


(CONTINUED) (COS-B) 



Number 

Mean 

Mean 

Standard 

Standard 


of 

Deviation 

Deviation 

Deviation 

Deviation 

Parameter 

Unit Samples 

From Nominal* 

From Tag 

Nominal 

Tag 

{Second Stage (Continued) 






. Propellant utilization 

% 13 

0.02D 

0.027 


« 

Total steady-state Impulse** 

Ibf-sec 11 

-28,312 

-25,500 

29,552 

25^839 

Total shQtdOwn Impulse*** 

Ibf-sec 12 

a 

19.3 

19.3 

111.8 

111.8 


^Nominal values are based on DTO burn times 
**Externany reconstructed 

***Updated based on the latest Propulsion nominal and tag values 



TABLE 2-6 

SUMMARY OF PERFORMANCE PARAMETERS FOR FIRST STAGE LIQUID ENGINE 
120 SECONDS TO MECO (COS-B) 


Devlat;fon from Ground Tag 


Parameter 

Units 

Ground 
Test Tag 

Pref light 
Predicted . 

Internal 

Reconstructed 

External Preflight 

Reconstructed Predicted 

Internal 

Reconstructed 

External 

Reconstructed 

Average total 
Vehicle altitude 
thrust* 

•Ibf 

217.844 

217,844 

221,660 

220,753 

• 

0 

3,816 

2,909 - 

Average altitude 
specific impulse* 

sec 

291.79 

291.79 

292.31 

290.34 

0 

0.52 

-1.45 

Average mixture 
ratio ' 

raru 

- 


- 


-0.01796 

-0.01870 

« 


PERFORMANCE PARAMETERS CUMULATIVE STATISTICS 





Mean Deviation from Ground Tag 

standard Deviation 



Number 







of 

Internal 

External 

Internal 

External 

Parameter 

Units 

Samples 

Reconstructed 

Reconstructed 

Reconstructed 

Reconstructed 

Average total 
vehicle altitude 

Ibf 

11 

2,444 

3,118 

1,766 

1,879 

thrust** 







Average altitude 

sec 

11 

0.007 

Q.9136 

0.365 

1.313 

specific impulse*’ 

i 





Average mixture 

mru 

n 

-0,01780 

- 

0.0118 

- 


ratio shift** 


*Averages for vehicle. between 120 seconds and MECO 

**SHS-A not Included 
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TABLE 2-7 


•THIRO STAGE SOLID MOTOR PREDICTED PERFORMANCE 
(COS-B) 


Parameter 


Unit 

Value 

total Loaded Weight 


ibm 

1580.33 

Propellant Weight 


Ibm 

1438.29 

Inert Weight Loss During Burning 


Ibm 

12,35. 

Burnout Weight (Motor Only) 


lbm‘ 

.129.69 

Propellant Specific Impulse* 


sec 

290.4 

Total Impulse* 


Ibf-sec 

417,679 

Action Time 

* 

sec 

44.8 

Nozzle Misalignment 


degrees 

0.005 


MASS PROPERTIES 



Moment of Inertia 

l/nit 

Loaded 

'Motor 

^Expended 

Motor 

Pitch 

slug-ft^ 

48.32 

6.63 

Roll 

slug-ft^ 

49.62 

4.29 

Center of Gravity** 

inches aft of 
the fon^ard 
attach flange 

•16.05 

21.80 


♦Values are for vacuum condition and 

♦♦Measured from the forward face of the 18-inch attac^i flange 
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iZ'Z 


Events 


START TANKS PRESS'S 

START TANKS PRESS SW PICK-UP 

VERNIER ENG IGNITION ^ ^ 

VERNIER ENG LOCK-IN RELAY : — 

LOX VALVE CONTROL 

V.E. PROP VLV CONTROL 

G-G. IGNITERS FIRING 

V.E. #1 PROP VLV LEAVES CLSD 

•y.E. #2 PROP VLV LEAVES CLSD — ^ 
V.E. #1 PROP VLV ARRIVES AT OPN— ^ 
V.E. n PROP VLV ARRIVES AT OPN— 

MAIN LOX VLV LEAVES CLSD — 

MAIN LOX VLV ARRIVES OPN p- 

G.G. IGNITER LINKS BROKEN ^ 

V.E. FUEL INJ PRESS SM PICK-UP— 
MAIN ENG IGN DETECTOR LINK BROKEN- 

MAIN FUEL TANK PRESS 'G = 

WAIN FUEL & GG VLV CONTROL 

GG BLADE VLV LEAVES CL'SO 

MAIN FUEL VLV LEAVES CLSD 

MAIN FUEL VLV ARRIVES AT OPN 

GG BLADE VLV ARRIVES AT OPN 

IGNITION PRESS SW PICK-UP — 

LIFT-OFF (UMBILICAL OISCON)^-^- 







FIRST STAGE FLOWRATE HISTORY 
CLIQUID EN0INE3 
DELTA NO. 113 



FIGURE 2-3 
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TOTAL VEHICLE THRUST, 1000 L8F 



FIGURE 2-4 
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TOTAL FLOWRATE, LBM 
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FIGURE 2-7 
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FIGURE 2-8 
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Attachment 3 to: 
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AO?TACHMEHT 3: 


SECTION 3. GUIDANCE SYSTEM - COS-B MISSION 



Attachment 3 to; 
A3-262-A , PP-M75-509 


Section 3 

GUIDANCE SYSTEM - COS-B MISSION 


TOie Delta Inertial Guidance System (DIGS) performed its functions properly 
throu^out the COS-B mission. From the ohserved small off-nominal SECO' 
orbit parameter deviations, the system navigation errors appear to he nominal. 
Post flight statistics and interpretations of guidance, navigation, and 
trajectory parameters are provided in this section. 

3.1 ALIGNMENT 

The gyro update parameters were ohserved small and a continuous stea^ atate 
solution to these existed lon^ before liftoff during the terminal count as 
shown in Figure 3-2. This means that a miniannn of vehicle sway occurred in 
each body coordinate. The system tracked this motion well since alignment 
had reached a converged solution. The gyro bias update parameters resolved 
into the IMU (X, I, Z) frame are respectively (0.058, 0.007, -0,08i) deg/hr, 

3.2 • CLOSED LOOP GUIDAIICE PERFOBMANCE 

The observed response of the guidance system for the COS-B mission was as 
expected. Table 3-1 presents the significant mission trajectory event times 
and attitude errors. Figure 3^1 shows a continuous time history of guidance 
adjTistments in vehicle sequencing time while Figures 3-3 through 3-6 present 
guidance system time adjustment and steering. As shown in Table 3-1 and the 
figures, all guidance time adjustments, attitude errors, and gtii dance steering 
commands were within the normal ranges. Figure. 3-7 show the velocity gained 
after SECO 1 as a function of time. These can be used to compute actual 
tailoff impulse. Figure 3-8 presents the second stage thrust axis velocity 
and shows the change in velocity at third stage separation and ignition. 

Note that this figure is valid only for changes in velocity (not total 
velocity) since the range is -102U to +102li ft /sec with overflow allowed. 
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3.3 


HA.VIGATIOH AND PERFORMANCE 


A total guidance system error can essentially be categorized as residual 
system errors and system navigation errors. Table 3-2 normally lists the 
MECO and SECO 1 orbital parameters extrapolated from data reflecting NASA 
hardpoiat (tracking, SECO 1 only), guidance con^juted (telenetry) and the 
targeted nominal conditions. Eovever, due to lack of NASA tracking data 
from before SECO 1 through experimental restart, no valid hardpolnt SECO 1 
orbital data is available, Enrors due to less than perfect navigation 
normally can he computed as differences between NASA and telaaetry data. 

The total guidance system performance as of SECO 1 norm ally can be observed 
in the difference between NASA hardpoint and the ta^rgeted (13T0). data. Even 
thou^ no valid NASA hardpoint data is available, from the observed data 
presented in Table 3-2, it is evident that DIGS performed well throughout 
the second stage. bum. 


3.4 ANGLE OF ATTACK HISTORIES 


A reference angle-of~attack profile W€is generated from PCM inertial velocity 
vector by ■ subtracing the atmospheric rotational velocity dtie to the earth 
rate and transforming the resulting relative velocity vectoiy_into the body 
coordinates using the T*^ matrix. Note that the angle-of-attack values 
include the wind velocity effects which were measured prior to launch. The 
wind velocity vector was resolved into body coordinates and accoimted for 
prior to computing the angles of attack. The true pitch, yaw and total 
angle-of-attack are defined from the wind coorected velocity vector in body 
coordinates ttslng the equations 


a = tan 

o* ** * ^RBy/^XRB^ 


Pigvires 3-9 and 3-10 provide the angle-of-attack histories up to 240 seconds 
of flight. 
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3,5 EXPERIMENTAL RESTART 

From the guidance standpoint, no significant events occvirred during the 
open-loop experimental restart (HM data vas very poor during this period) , 
except for the long hum time. This is discussed further in- the Propulsion 
and System Performance sections of this report. 
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Table 3->l . 

COS-D 

• tlAJOR GVBNT TIMES AND VEHICLE INERTIAL ATTITUDE ERROR 


Vehicle Attitude 


Event 

Tine (Bee) 

From Nominal (Deg) 

Liftoff 

0 

A<^ » 0.209 

AQ a 0.063 
Ai/i 0 0.039 

First** Stage 

Nominal 125.000 

’ A* « 0.3*»3 

Guidance 

Initiation 

Actual 125.232 

AO e> 2.206 
A^ » -1.559 

MECO 

Nominal 22Q.06l 

A^ - .o.oi»5 

(DIGS Sensed) Actual. 227,381 

A0 - 1.207 
A<(> ■ O.26U • 

Second->Stage 

Nominal 280.000 

A* - 4.957 

Guidance 

Actual 279. $24 

AO a 0.409 

Initiation 

• 

Aiji • 0.199 

SECO 1 

Noninal 331.075 

A^ e -6.6l4 

(Dies Sensed) Actual ?30.96l‘ 

AO a 2.135 
A* • -0.085 


Vehicle Attitude 


Event j 

Time (See) 

From Nominal (Deg) 

Start Coast 
Guidance #1 

Nominal 630,000 
Actual 

A0 » No PCM data 
Ai|f « 

Stop Coast 
Guidance #1 

Nominal 680.000 
Actual 

A^ a 

AO « No PCM Dat- 

Ai(i « 

Start Coast 
Guidance #2 

Nominal 2975.000 
Actual 2973.395 ' 

A4 « 0.038 
AO ■ 0.066 
A<> « 2.143 

Stop Coast 
Guidance 9Z 

Nominal 3025.000 
Actual 3023.204 

Af - 0,047 
‘ AO • 0.092 
A(jr ■ 0.099 
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cSriginai} MGt'M 

OP POOR QUAUES 


TalbXit 5^2 


COS-B OBBITAIi DATA 


Trajectory 

Point 

Tr^ectoiy 

Type 

Apogee ' 
Altitude* 
(n.ml.) 

(n!Sgj 

Perigee 

Altitude* 

(n.mi.) 


iBcllnatlon 

(depc) 

(4eg) 

O 

AV 

(ft/8«e) 

0 

MECO 

Targeted 

Nominal 

103,687 

0 

-2608,49 

0 

■ 69.5930 

• 

Telemetry 

(Guidance 

Computed) 

106.10»i 

2,4X7 

f 

-2585,08 

23.4i 

09.6103 

0.0173 

192.593 

8BC0 1 

‘ Targeted 

238.T10 

0 

91.849 

0 

69,8667 

0 , 

0 


Nominal** 

iJ(,66o 

t 

+2.071 


JM),041 




Telemetry 

(Guidance 

Computed) 

237,842 

*•0.868 

91.615 

-0.234 

69.8688 

O.OOOl 

-1.892 


NASA No NASA SECO X data available due to lack of t^ackin^ prior to 8EC0 S 

(llardpoint (experimental bum SECO]« 

Data) 


* Based on earth radixto of 3439*^^ n«zni« 

Indicated tolerances are root sum square of 3o contributXone to orbit parameter diapereions* 
The value of At^ calculated at the beglnnlni? of oecond stai^e guidance vao •1*890 secondo* 
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FI.IGHT CONTROL SYSTEM - COS-B 
Jf,0 PLIGHT CONTROL SYSTEM 

All flight control systems operated nominally throix^out the first and second 
stage flight for the COS-B mission. First-second and second-third stage 
separations occiirred satisfactorily. This was the first DIGS mission to use 
a modified second stage propulsion fuel manifold system* An xme^qiected pogo 
resonance of significant duration was observed during powered flight. This 
anomaly had no in 5 >act on the successful completion of primary and secondary 
mission objectives. Maneuvers to shield the payload from the sun and to 
reorient the vehicle prior to third stage separation were adeqtmtely performed. 
The nitrogen gas usage through third stage separation was well within the pre- 
dicted three-sigma deviations, 

4.1 FIRST STAGE ’ . 

The first stage control system maintained vehicle stability and performed the 
required functions throughout first stage flight, 

4.1.1 First Stage Statistical Record 

Table 4-1 provides a con 5 )ilation of some of the control system characteristics 
for this flight and the corresponding statistics generated from past flights, 

4. 1.1.1 Thrust Misalignment 

The first stage main engine positions required to direct the thnst vector 
through the vehicle center of gravity are shown in Figures 4-1 and 4-2 for 
liftoff and MECO, .respectively. Data points of previously flown 2?l4 vehicle 
configurations And the mean v6G.ues applicable for each plot are also shown. 
Note that the engine positions for COS-B were within one-sigma deviations from 
their respective mean values. 
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4»1.1>2 Maximum Aero Momeat Region 

Peak roll rate and pitch attitude error vith their respective peak engine 
deflections occurred at the maximum dynamic pressure time of about T+36 
seconds. All other* peak values of attitude errors., rates and engine deflections 
occurred between and T+79 seconds. Large engine deflections prior to 20 

seconds were primarily due to programmed pitch maneuvers. Figure l*-3 shows that 
the peak pitch and yaw engine deflections after 20 seconds were -1,2 and 1.5 
degrees', respectively. These deflections were primarily caiased by the combined 
effects of wind shear and dynamic pressure, 

4.1.1. 3 Roll Momentts 

External roll momenrts were computed at liftoff, maxlmina dynamic pressure, MECO 
and vernier engine solo times of flight. The roll moments shown in Table 4-1 
are the total extemnal moments (includes thrust misalignments eind aerodynamics) 
which are computed from the vernier engine deflections, A vernier engine thrust 
of 1000 pounds was njsed for all csdculations. 

4.1.1. 4 Peak Vernier Solo Engine Deflection 

Rates and attitude errors from Just before MECO to Just after stage II (second 
stage engine) igni'tion are shown in Figures 4-4 and 4-5. Note that attitude 
errors and body rates present at MECO are zeroed out by the vernier solo control 
system prior to first-second stage (I/II) separation. The peak vernier engine 
deflections occvirred shortly after IffiCO, The largest deflection was in the yaw 
channel due to the large attitude error existing at MECO in that plane, 

4.1.1. 5 Maximum Guddance Hate Commands 

The maximum guidance rate commands occurred at guidance initiation (T+125 
seconds ) . The pitch command was very close to the mean value observed over 
12 missions. Ihe yaw command of -0,20 deg/sec was less than one standard 
deviation from its stean value. 
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U.1.1.6 Conditions Serore and After First-Second Stage Separation 

Rate end attitude earrors in the pitch and yav planes vere essentially zero prior 
to stage I/II separration, The roll rate and attitude error before separation 
vere close to mean walues. Figures h-k and U-5 show the rate and attitude error 
changes during separation were very slight indicating a smooth separation event. 

^•1.2 First Stag^e Control System Response 

4.1. 2.1 Vehicle Beoding 

The shock of liftofff excited the first and possibly the second bending mode. 
Figure '4-6 shows the pitch and yaw angular rates while Figure 4-7 shows the 
DAC outputs foUovimg liftoff. Second mode bending oscillations can be 
observed in the angtular rate data. Due to the heavy attenuation of these high 
frequencies by the rate and attitude feedback digital filters, the DAC output 
trace shows only the first mode oscillations. As opposed to most DIGS missions, 
the first mode osci^J^tions were larger in yaw than pitch and were quite mild. 
The first bending frequency was 2^2.3 Hertz at liftoff while the predicted was 
2.0 Hertz. The seccDUd mode freqtiency was 4.5 Hertz compared to 4,3 Hertz 
predicted. During •wemier engine solo, starting immediately after MECO, bending 
transients were obsearved in pitch and yaw. The DAC output transients shown in 
Figure 4-8 include fSirst beading mode oscillations at 4,8 Hertz versus the pre- 
dicted frequency of %.4 Hertz. Similar bending mode oscillations have been 
seen on prior missioais and cause no problems to the control system. 

4. 1.2. 2 Pogo Resononuce 

Just prior to >EC0, Pogo resonance effects sensed by the rate gyros were about 
2 deg/see peak-to-peok in rc^ and about 1.5 deg/ sec peak-to-peak in pitch and 
yaw (Figure 4-4). ^EEhe Pogo resonant frequency was approximately 19 Hertz. 

Pogo resonance also- occtirred earlier in flight (T+14 o seconds) as shown in 
Figure 4-p, The reaanant frequency at that region of time was about 21 Hertz, 
Note that as expected, attitude error history of that figure show no trace of 
these bi^ frequency^ (sciUatlons. 
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U.1.2.3 Roll Limit Qycle 

Roll limit cycling vas observed in the attitude error, rate and vernier engine 
position traces from solid drop until MECO. The rate and attitude error 
histories of Figure U-9 show that the oscillations were at a frequency of 
0.35 Herts, Peak~to~peak anqilitudes were approximately 1.0 degree per second 
in rate and 0.5 degree in attitude error. The limit cycle is due to the non- 
linearities in the vernier engine linkage and actuator combined with DAC 
granularities. All past DIGS flights have exhibited this limit cycle, 

k,2 SECOND STAGE 

The second stage control systems maintained stability and satisfactorily 
controlled the vehicle throu^out powered and coast phase flight, 

h.2.1 Second Stage Statistical Record 

Table k-2 provides a coB5>ilation of some of the control system characteristics 
of this fli^t. 

2.1.1 Second Stage Thrust Misalignment 

At ignition, all attitude errors and body rates as well as pitch and yaw thrust 
misalignment for the SSPU were well within one-sigma of the mean values recorded 
for the TRW second stage. An. increase in pitch thrust misalignment at SECO 1 
over that observed at ignition was observed. However, these (as well eis yaw) 
misalignments were less than one standard deviation from the mean->values. Engine 
positions required to counter the disttirbing moments generated by the thrust 
misalignment errors are shown in Figures 4-10 and 4-11 for the first ignition 
and cutoff times , respectively. As was done for -the first stage engine, data 
from prior TRW missions and the mean values are also shown. Note that based 
on l4 samples, there exists a general tendency of increased misalignment effect 
at SECO compared to engine ignition, 

4 *2, 1.2 Roll Impulse at Fairing Jettison 

The roll inqjulse iaq>arted to the' second stage the successful separation of 
the fairing was 0,99 foot-pound-seconds clockwise looking forward! The induced 
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roll rate treinsient iras +0,15 degree per second. This roll inpulse was within 
one-sigma deviation from the mean value* Figure U-12 presents the relative 
sequencing of roll attitude error and rate transients with roll control Jet 
activations end triaxLal accelerator excitations. Despite an apparent second 
excitation of the triaxial accelerometer, the lack of the usual high frequency 
content in this data plus the analysis of the Jet actuation and body roll rate 
data made vehicle recontact hy a fairing section douhtlUl, 

U,2,X»'i Powered Fli^t Roll Moment 

From the control Jet actuation data, the gas impulse used to counter the 
external roll moments induced during second steige engine burn was 28 lb-sec. 

This impulse was calculated using an eissumed Jet on-time of 13 milliseconds 
for a 20 millisecond *on" signal. Shortly after ignition, a clockwise external 
roll moment develoi«d. This moment changed direction at T+3^0 seconds and 
remained counterclockwise until SECO. The average roll moment was about one 
sigma hi^er than the mean for light quartz nozzle liners. 

U,2wl.4 SECO Transients 

Pitch and yaw switch! ines with 0*5 degree deadzone were used at second engine 
first cutoff. In tj» roll axis, switchlines with a deadzone of 6,5 degrees 
were used. Impulse usage to reduce or maintain attitude errors within the 
switchlines were within one-sigma deviations from mean values' for the pitch 
and yaw axes. The musually large roll rate transient (1.6 deg/sec) is 
attributed to the absence of a rate deadzone of the spinup switchlines. The 
roll impulse was about two-sigma higher than the mean value for 20 data- sanqjles, 

,4,2.i,5 Ratio of Actual to Predicted Acceleration ' 

The roll-pitch orimtation meaneuvers for sun shielding (see Figures 4-13 and 
4-l4) were \ised to determine to act\ial control acceleration capability of the 
vehicle in the two planes. During the zeroing of the roll rate command, a two- 
Jet, full-on condition prevailed. During this period, the roll acceleration was 

p 

9.0ft deg/sec which was almost exactly the predicted nominal. For a similar 

2 

I Jet full-on period, the pitch acceleration was 0,48 deg/sec (7 percent 
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higiier xnan tue predictea noialnalK The actual value calculations were "based 
on nominal thrust and mass property conditions. These accelerations are within 
one-sigma deviations of the mean achieved-to-predicted acceleration ratios, 

U,2,2 Coast Control System 

It, 2, 2,1 Coast Control System Inrp\alse Usage 

Figure lt-15 shows the COS-B coast control system impulse \isage as a function 
of time. The predicted mean and three-sigma high xisage from Reference I|-l are 
also shown. Actual usage was much less than that of the predicted mean through 
third-stage separation. The actual impulse usage (solid curve) was computed "by 
\ising the combination of observing the achieved body rates (PCM data) , NTOT 
(software data of total Jet firing counts) and nitrogen bottle pressure data. 

The primary source of the difference is the much lower gas actually used for 
the convergence to the fine svitchlines at SECO 1 and for the coast guidance 
periods. Predictions assumed ultra conservative rate conmands corresponding to 
the pitch and yaw rate ledges for these events, 

h,’2,2»2 Coast Control Limit Cycling 

Periods of coast control limit cycling was observed at variotis times of flight. 
Closed loop limit cycles J\at prior to stage II-III separation were present in 
the pitch and yaw axes. The fre<iuencie8 of the limit" cycles were about O.OT 
Hertz, Open loop (without guidance) limit cycles developed shortly after the 
second btim of the second stage engine. These frequencies appeared. to be more 
than an order of magnitude lower (0,003 Hertz) than those with guidance. 

It, 2, 2, 3 Pogo Resonance 

On COS-B, the propulsion fuel manifold system was of a modified configuration. 
About 150 seconds after second. stage engine ignition, pogo resonance started to 
develop. By TtU25 seconds, the resonance grew to 1 deg/sec peak-to-peak in yaw 
and roll whereas in the pitch axis, the magnitude was about 2 deg/sec. The 
frequency initially was about 100 Hertz and increased with time to 130 Hertz. 
From .F/M data, peak magnitudes were observed when the resonance was at 125 Hertz, 
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Figure U-l6 shows the effects of foldback due to the difference between the 
increasing pogo resonant frequencies and the telemetry data sampling rate of 
25 per second. Hote that, as expected, none of the high frequency oscillations 
are observable in the filtered attitude error data of Figure ii~17. The resonance 
did not hamper satisfactory second stage operation and subsequent successful 
mission con^letion. 

htZ,2oh Third-Stage Separation Transients 

Angular rate and attitude error transients were observed in all axes following 
third stage spim^ and separation (Figures l»-l8 and 1*-19). The roll transients 
are due to: (l) the impiilse reqxiired to break the spin table retention cord, 

(2) the roll-control-moment correction effect, and (3) the spin table bearing 
friction. This friction increases when the spin table petals fully open at 
the height of the spin and the crush blocks make contact with the spin rockets. 

The shock of the contact and of the detonation of the separation bolts cause 
the pitch and yaw transients shovn on the figures. Also shown in the figures 
are rate and attitude error transients resulting from impingement effects due 
to third stage engine ignition. 

The spin rate was U7.I rpm versus the predicted J+5.7 rpm. To counter the 
disturbing moments and suppress the separation transients, a total gas impulse 
of 73 pound-seconds was used. The above transients and gas xisage were similar 
to those achieved on prior missions and caused no problem to the .control system. 

U,2,2.5 Experimental Restart 

An experimental restart of the second' stage engine was performed. Data dropout 
.during most of this fli^t period made a thorough analysis impossible. This 
bum commenced after about 16 seconds of idlaging and continued on to fuel depletion 
about 29 seconds later. One cycle of an oxidizer tank sloshing oscillation 
occurring jt:st prior to SECO 2 was observed. The -oscillation frequency was 
about 1,5 Hertz (predicted was 1,1| Hertz), Oscillations like these for the 
•ated second stage in the powered flight mode were observed on prior 
ons and are not detrimental to the satisfactory performance of restart 
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guidance. After SECO 2, the desired switchover to pitch and yaw bang»bang 
control was clearly evident from flight data. The SECO 2 transients of the 
depletion bum were relatively mild, A gas impulse usage of 2.3 lb-sec -was 
spent during the bum for control moment purposes. 
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TABLE lt-1 

FIEST STAGE COiNTROL SYSTEJ-i PARAMETERS 


COS-B 


PARAt>gTER 


Thrust 

Misalignment 


Thrust 

Misalignment 


Peak Attitude 


TIME OF 
FLIGHT 


Pitch 

Yaw 


VALUE 


— .-. 1 ^ 
o70 


MEAN 


STAIIDARD 

DEVIATION 



Giiidance 
Initiation (Yaw 


MECO 
Plus 
8 Sec 
~ (Before 
Separ atiom JjYaw 

tel 


-.20 deg/sec I -,0022 





SA'iPLE 

IIU?.1BER 
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TAB]^ 4-2 

SECOND STAGE CONTROL SYSTEf4 PARAIETERS 
COS-B 


PARAl-ETER 


Attitude 

Error 



Thrust 

Misalignment 


Thrust 
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Roll 
Inrouls e 
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External 
Roll Moment 


THE OP 
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Stage Roll 
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Ignition Yav 
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First 

Ignition 
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Fairing 
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Ratio of 
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Prior to 
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SECTION 5 


ELECTRONICS SYSTE14 - COS-B 


5.1 FIRST STAGE PERFORMANCE 

The first stage event times for the CQS-B fli^t are tabulated in Table 5-1 
and are satisfactory. The first stage electronics system voltages are tabu- 
lated in Table 5-2 and are normal. The first stage electronics system per- 
formed normally throughout the period of first stage operation except for the 
instrumentation anomaly indicated in subsection 5.3 

• 5.2 SECOND STAGE PERFORMANCE 

The second stage event times for the COS-B fli^t are tabulated in Table 5-1 
and are satisfactory.. Second stage electronics system voltages and steady- 
state parameters are listed in Table 5-3 and are normal. Table 5-^ tabulates 
sequence times obtained from PCM data which indicates the guidance computer 
discrete output activity. The second stage electronics system performed 
normally throu^out the flight except, for the instrumentation anomaly indi- 
cated in subsection 5*3 

5.3 ANOMALIES 

5 . 3.1 First Stage LOX Pump Inlet Pressure - FMll-09 

The LOX piui^) inlet pressure transducer retiimed data until approximately 75 
seconds at which time the unit failed. The transducer is located in the LOX 
pump inlet elbow and has repeatedly failed in this position. Due to the re- 
peated failures in this position, a change has been iiEplemented to relocate 
the transducer to the LOX Accumulator for all vehicles. The relocation did 
not carry COS-B effectivity. 

5 . 3.2 Second Stage Thrust Chamber Pressure - FI421-09 

Tlie Second Stage Chamber Pressure measurement indicated a 50 second duration 
pressure transient beginning approximately 25 seconds after second stage ig- 
nition. Analysis of other propulsion parameters revealed that the chamber 
pressure could not respond as the data indicates. Analysis indicates that 
the transducer is probably being affected by a thermal gradient. 



TABLE 5-1 


SEQUENCE OF EVENTS - COS-B 



NOMINAL 


SYSTEM RESPONSE 


ilVENT 

TIt 4 E 

ACTUAL TIME fi 

TII 4 E H 

PARAMETER 

IGNITION Al^K, 
SETS tiZ & //3 

-0.900 

- 1,14 

N/A 

N/A 

IGNITION CI-ID. 
SETS //2 & //3 

-0^200 ■ 

-0.38 

- 0.35 

CHAMBER PRESS 

TM LIFTOFF IND. 


- 0.18 

N/A 

N/A 

ACCEL. SENSE 

0.000 

-0.199 

N/A 

N/A 

I'EEUBACK GAIN 
CllAiNGE 

38.000 

37.84 

N/A 

N/A 

IGNITION* SET //I 

.39.000 

38.97 

39.07 

CHAMBER PRESS 

SEP. CMD, SET ill 

87.000 

87.34 

87.39 

CHAMBER PRESS 

SEP. Cf®, SET //2 

87.000 

87.34 

87.37 

CHAMBER PRESS 

SEP. Civ®, SET //3 

87.000 

87.33 

87.37 

CHAMBER PRESS 

FUEL FLOAT SWITCH 


217.555 

N/A 

N/A 

LOX FLOAT SWITCH • 


220.285 

.N/A 

N/A 

f-mCO ENABIE 

224.061 

222.32 

N/A 

N/A 

FUEL LEVEL SENSOR 
ENAUJi'! 

224.061 

222.305 

N/A 

N/A 



TABLE 5“1 (Continued) 
SEQUENCE OF EVENTS ~ COS-B 


EVENT 

MECO 

DECSL, SENSE 

VE' ENy\BLE/ME 
LOCKOUT 

ARM STAGE II BUS 
PlffiSS TANKS-ON 
VECO 

STAGE I /II SEP. 
■REMOVE SEP. DISCRETES 
START STAGE II 
ACCEL SEIIGE . 

FAIRING UNLATCH 
FAIRING SEPARATION 
FAIRING UNLATCH OFF 




SYSTEM RESPONSE 

NOMINAL 

TIf 4 E 

ACTUAL TIME // 

TIME # 

PARAMETER 

228.061 

226.835 


ME CHAM. PRESS. 

im 

227.281 

N/A 

N/A 

Hii 

227.31 

227.35 

ME POSITION 

itif 

227.33 

N/A 

N/A 

230.061 

229.83 

229.86 

HEL. REG. PRESS. 

234.061 

233.805 

233.94 

CHAMBER PRESS. 

236.061 

235.63 

235.88 

RELAY DEACT. 

24 o.o 6 i 

239.65 

N/A 

N/A 

241.061 

240.611 

241.101 

CHAMBER PRESS, 

//// 

24 1; 181 

N/A 

N/A 

270.000 

269.33 

N/A 

N/A 

271.000 

270.35 

270.35 

SEP. MONITOR CKT 

271.000 

270.32 

N/A 

N/A 

273.000 

272.34 

N/A 

N/A 


FAIRING SEP. OFF 



TABLE 5~1 (Continued) 
SEQUENCE OF EVENTS - COS-B 


event ' 

SECO I 
DECEL SENSE 
IIYD. PiJMP OFF 
CDR OFF 

SPIN ROCK1CTS/3RD 
STAGE IGNITION T.D. 

3RD STAGE WIRE CU'TTERS 

SPIN ROCKET CMD OFF 

WIRE CUTTER Cl'© OFF 

STAGE II /III SEP. 

FIRE RETROS 

REMOVE SEP. DISCRETE 

RETRO Cf© OFF 

IIYD PUl© ON 

IN IT. ULLAGE JETS 


SYSTEM RESPONSE 


NOMINAL 

TIME 

ACTUAL TIME if 

TIME # 

PARAMETER 

531.075- 

530.563 

530.723 

CHAMBER PRESS. 

mt 

530.873 

N/A 

N/A 

ffif ^ 

530.92 

531.14 

HYD. SYS. PRESS. 

592.075 

K/A 

590.32 

CDR AGC 

3027.000 

3025.30 

3025.764 

SPIN RATE SWITCH 

3028.000 

3026.29 

N/A 

N/A 

3028.000 

3026.29 

3026.29 

ENG. BATT. CUR. 

3029.000 

3027.33 

N/A 

N/A 

3029.000 

3027.32 

3027.294 a 

TRIAXIAL ACCEL. 

3029.000 

3027.29 

3027.31 

HEL. REG. PRESS. 

3031.000 

3029.30 

N/A 

N/A 

3031.000 

3029.32 

N/A 

, N/A 

3199.000 

LOS 

•LOS 

IIYD. SYS. PRESS. 

3205.000 

3203.32 

3203. 31A 

N2 REG. PRESS. 

3220,000 

LOS 

LOS 

CHAMBER PRESS. 


ENGINE RESTAKL' I 



TABLE 5-1 (Continued) 


EVENT 

ACCEL SENSE 
ULLAGE JETS 
DECJ3L SENSE 
SECO II ' 


SEQUENCE OP EVENTS - COS-B 

SYSTEM RESPONSE 

NOMINAL 



TI® . 

ACTUAL TIME ff 

TIME H 

PARAMETER 


im 

LOS 

N/A 

N/A 

OFF 

3221.000 

LOS 

LOS 

N 2 REG. PRESS 


3250.000 

32UT.51I* 

N/A 

N/A 


f/ff 

32 l<T. 51 ^ 

N/A 

N/A 



TABLE 5-1 (Concluded) 
SEQUEJIGEi OF EVETITS - COS-B 
KOTES 


In this report all tiiaes are referenced to DS23 vhich is issued by the guidance 
computer upon sensing acceleration at liftoff. The actual zero reference tiiae 
is obtained manually from an oscillograph plot of channel FM 21-08 versus tine. 
The zero reference time vas misread by 200 milliseconds and thus to obtain the 
true time relative to liftoff 200 nilliseconds must be added to the relative 
times of the data. The times in this table and Table 5-^ have been taken 
directly from the data vithout the 200 millisecond correction being added. The 
TM liftoff indication comes from PDM 11-30 when the liftoff switches in the 
vehicle are activated by the vehicle’s motion away from the liftoff pins on the 
pad. 

# Times listed as XX. XX are from PDJ4 data with a time resolution of 
50 msec. .Times listed as XX. XXX are from FM data and have a time 
resolution of 10 msec. • 

These events occur due to the sensing of acceleration or deceleration. 

N/A If MECO due to fuel injector pressixre switches (FIPS), 

Event did not occur. 

SSCO II was due to a planned propellant depletion. The SECO command 
was issued due to the sensing of deceleration. 

Not applicable-. An observable system response does not (or did not) 
occur. 

LOS Loss of signal) either due to noise or out of range of ground station. 

A System response and event occur simultaneously and response time prior 
to event time as due to sampling time between channels durine event 
occurrence. 


HH 

* 

N/A 
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TABLE 5-2 


1ST STAGE SYSTEM VOLTAGES - COS-B 


PARAMETER ' NOMINAL (VDC) ACTUAL (VDC) 


+5 VDC REFEI^ENCE 

+5.0 + 0.1 

5.00 

INSTRUM. ' GROUND 

0.00 + 0.1 

0.00 

SOLID MOTOR POT. EXCIT. 

+U.5 + 0.25 

U.50» 

F/B POT. EXCIT. (+) 

+25.0 +1.3 

25.^ 

F/B POT. EXCIT. (-) 

-25.0+1.3 

-25.2 

ACTUATOR EXCIT. {+). 

+50.0 + 3.0 

1*9.5 

ACTUATOR EXCIT. (~) 

- 25.0 + 1.5 

-25.6 

+12.35 V BIAS 

+12.35 1 0.15 

12.2 

+10 VDC TRANSDUCER 

+10.0 + 0.25 

9.8 

~10 VDC TRANSDUCER 

-10.0 + 0.25 

-10.2 


* VOLTAGE ROSE TO 5,0 VDC AT SOLID MOTOR SEPARATION WHICH IS NORMAL 



TABUS 5-3 


2ND STAGE SYSTEM PARAlffiTERS - COS-B 


PARAMISTER 

NOMINAL 

ACTUAL 

+5 VDC REFERENCE 

+5.0 + 0.1 VDC 

5.00 VDC 

INSTRUM. GROUND 

0.0 + 0.1 VDC 

0.00 VDC 

+5 VDC POT. EXCIT, . 

+5.0 + 0.1 VDC 

5.00 VDC 

F/13 PO'T. EXCIT. (+) 

+20.0 + 1.0 VDC 

19. T VDC 

P/D POT. EXCIT. (-) 

-20.0 + 1.0 VDC 

-20.0 VDC 

VALVE EXCIT. {+) 

+35.0 +2.0 VDC 

3H,7 VDC 

VALVE EXCIT.' (-) 

-35.0 + 2,0 VDC 

-34.5 VDC 

GC LOGIC VOLTS 

+5.0 + 0.3 VDC 

4.90 VDC 

GC MISMORY VOLTS 

-30 + 2.1 VDC 

-?9.6 VDC 

IMU LOGIC VOLTS 

+5.0 + 0.5 VDC 

5.2 VDC 

I^^J GYRO EXCIT. 

22.0 1 2.2 VRJ^S 

s 

20.5 VRt^ 

GYRO WIEEL FREQ. 

388.0 + 3.9 1125 

389.0 HZ 

IMU BLOCK TEMT\ 

+160 + 2,0®F 

160. 4®P 



Tlie following tabulation includes all computer discrete activity, to show compliance to the Sequence of 
livcnts IB9680O. This data was taken from the PCM data. The mission times tabulated in Table 5-1 vere 
obtained from the PDK/FM telemetry data with a time resolution of 10 ms (FM) and 50 ms (PDM) . The PCM 
times are listed here separately sineo the PCM time resolution is 0.125 seconds and would not accurately 
correlate to the PDM/FM' times. This tabulation includes some events not tabulated in the PCM/FM data 
duo to the limited monitoring capability of the PDM/FM system. 


EVEMT . 

Accel Sense 

Feedback Shaping Network Gain Change 

Enable ME CO 

Decel. Sense 

VE Enable/tffi Lockout 

Stage II Hydraulic Pump On (Backup) 

Arm Stage II Ignition and 
Pyrotechnic Power 

Pressurize Tanks 

t 

VE Cutoff (VECO) 

Blow Stage I/II Separation Bolts 
Hemove Stage I Discretes 

Bemove Separation Discretes 


NOMINAL TIME 

ACTUAL TIME 

FUNCTION 

0.000 

-0.083 

DS23 

38.000 

37.867 

DS30 

22U.061 

222.1t00 

DS31 

228.061 

227.381 

DS23 Off 

228.061 

227.381 

DS29 

228.061 

227.381 

DS7 

228.061 

227.381 

, DS12 
DS13 

230.061 

229.871 

DS22 

23U.061 

233.903 

DS32 

236.061 

235.919 

D52 

DSI8 

237.061 

236.868 

DS29 Off 
DS30 Off 
DS31 Off 
DS32 Off 

2)*0.061 

239.952 

DS2 Off 
DSI8 Off 


\J\ 
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VENT 

NOMINAL TII-IB 

ACTUAL TIME 

FUNCTION 

turt Stage II Engine 

2ia.o6i 

240.900 

DS3 

ccel Sense 

ifif 

241.258 

DS23 

2 move Tank Pressurization and 
sgine Start Discretes 

242.061 

241.849 

DS22 Off 
DS3 Off 

airing Unlatch 

270.000 

269.363 

DS4 ■ 

airing Unlatch Off 

271.000 

270.431 

DS4 Off 

Pairing Separation 

271.000 

270.431 

DSI 9 

Fairing Separation Off 

273,000 

272,447 

DS 19 Off 

SECO I 

531.075 

530.625 

DS5 

Decel Sense 

iff! 

530.981 

DS23 Off 

Turn Off Hydraulic Pump 

iUi 

530.981 ‘ ■ 

DS7 Off 
DS6 

Enable CDR Turnoff 

591.075 

589.443 

DS27 

DS28 

!I?urn Off CDR*s 

• 592,075 

590 . 39T 

DS27 Off 

HAGS Enable 



DSI 7 

Remove HAGS Enable 

1 


DSI 7 Off 

l'’ire Spin Rockets & 3rd Stage 
Ign Comm 

3027.000 

3025.377 

DSIO 

Fire 3rd Stage Wire Cutters 

3028.000 

3026.326 

DSll 

iieinove Spin Rocket Discrete 

3028.000 

3026.326 

DSIO Off 


SEQUElfCE TIJ^ES - pa-1 DATA - COS-B 
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EVENT 

WOMHIAL TII4E 

ACTUAL TIME 

lUNCTION 

Remove Wire Cutter Discrete 

3029.000 

3027.393 

DSll Off 

Stage II /III Separation Command 

3029.000 

3027.393 

DSI5 

Fire Retros 

3029.000 

3027.393 

dsi 4 

Remove Separation Discrete 

3031.000 

3029.409 

DSI5 Off 

Remove Retro Discrete 

3031.000 

3029.409 

dsi 4 Off 


Hydraulic Pump - On 

3199.000 

LOS 

DS7 

CO 

w 

JO 




DS6 Off 

Initiate Ullage Jets 

3205.000 

. 3203.387 

DS8 

0 

w 

K 3 

H 

R 

Engine Restart ffl 

3220.000 

LOS 

DS3 

DS5 Off 

CO 

\ 

0 

Acceleration Sense 


LOS 

DS23 

Ullage Jets Off 

3221.000 

LOS 

DS9 





DS8 Off 


Deceleration Sense ***» 

3250.000 

3247.743 

DS23 Off 

1 

0 

0 

SECO 11 *** 


3247.624 

DS5 

■ DS3 Off 

CO 

Turn Off Hydraulic Pump On 


3247.624 

DS7 Off 



Discrete {Puinp Remains On) 

SECO Il.vas commanded as a result of sensed deceleration due to a planned propellant 
depDetion. 

■ FM data indicated the acceleration sense discrete, DS 23, went off at 32 kj ,^lk long enough to 
command SECO II, however went on again before it could be sampled by the PCM telemetry. DS 23 
went off and remained off at 3247. 69U and was then sampled by the PCM telemetry at 3247.743 
as being off, 


TABLE 5-4 (Continued) 
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65! First Stage Hydraulic System 

Hydraulic power is supplied to the six first stage gimbal actuators by a 
pressure compensated variable displacement pump and an integrated accumulator/ 
reservoir. The hydraulic system functioned normally throughout main and 
vernier engine operation. Quantitative data is presented in Table 6-1 and 
Figures 6-1 and 6-2, 

6.1.1 Supply Pressure 

All supply pressure measurements were within the TRD limits for steady state 
and transient operation. The system was supplied by HTS power at a pressure 
of 2955 psia until one second before liftoff v/hen the assessory drive accelerated 
.the pump to 4036 RPM at T-0, The pump pressure peaked at 3268 psia, 0,45 seconds 
after liftoff, then stabilized at 3175 psia at T + 1.5 seconds. 

Supply pressure oscillations occurred from T-0, 6 seconds to T-0, 3 seconds in 
a pump speed range of 3208 to 3587 RPM. A survey of these startup oscillations 
on missions back to Skynet IIB showed that "blossoming" occurred on all pumps 
including those used with HB-3 engines. Also, the RPH at first indication of 
amplitude increase varied from 1600 to 3108 v/hile the RPM at the end of the 
"blossoming" varied from 3000 to 3621. Peak amplitudes measured between 175 
and 240 psi peak-to-peak. Documented test results show that resonances occur 
at frequencies corresponding to speeds of 2184 RPM to 2726 RPH, however, 
resonance frequencies have been accurately recorded up to 3400 RPM (Westar A, 
simulated flight test). Large datum errors are possible when using T/M measure- 
ments because of the low datum sample rate, therefore, the above flight test 
results are approximations. The pump oscillations do not degrade hydraulic 
system performance and overtests have verified ample margin against a malfunction 
during this transient period. 

The supply pressure decreased normally until HECO when it was measured at 

3135 psia. The rate of decrease was 0.11 psi/second in a flight experience 

band of 0.06 to 0.18 psi/second. The pressure decrease is primarily due to 

decreasing oil viscosity and change in pump pressure compensator spring force 

with increasing temperature. The accumulator bleeddown required 73.5 seconds 

measured from first piston motion (at HECO) to the time the accumulator was 

empty (supply pressure corner). The corner pressure was 1610 psia which is 

the lowest corner measurement since Delta 92, and is indicative of low accumulator 

precharge and long bleeddown time. A leaking accumulator fill valve was found 

which had a pressure decay rate of 24 psi /day after the last of three 

accumulator fill procedures had been performed at VTC, At the pre-launch slew 

check 30 minutes before launch, the accumulator pressure measured 2070 psia at 92 

degrees F or 1984 psi at 70 degrees F, which is below the TRD limit, but well above 

the 1715 psia precharge launch redline. This is calculated to yield the observed 

bleeddown corner, and an increase in bleeddown time of 5.1 seconds over the 

bleeddown time with nominal precharge. The hydraulic system responded normally at this 

precharge. 

The reservoir began filling at T + 227 seconds (MECO) and was full at T + 234.7 
seconds. The pump spun down and stopped at T + 234.2 seconds. Decompression of 
the supply side of the system required 1,6 seconds. 
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6.1.2 Accumulator GN2 Pressure 

The average piston friction was measured at 26 psi using the differential 
supply - G»2 pressures. A volume of 66.5 cubic inches of oil was transferred 
to the accumulator due to the low precharge and represents an operating level 
of 65 percent full. 

6.1.3 Return Pressure 


Before liftoff, return pressure is the relief pressure of the. low pressure 
relief valves and measured 233 psia on COS-B which is nominal. At pump startup, 
the relief valves closed and the return pressure went to a bootstrap level of 
163 psia. The bootstrap return pressure permits T/M verification of the 
accuracy of supply and return pressures, since they differ by the bootstrap 
ratio which is nearly constant at 21.39 + ,04, The transient dip in pressure went 
to 144 psia during startup while the low pressure relief valves were closing. 

This verified the nominal response time of the valves and reservoir piston 

At HECO the return pressure was 147 psia. At the reservoir full point, the 
return pressure became independent of supply pressure and peaked at 220 psia, 
the cracking point of the relief valves. The steady state relief pressure 
during bleeddown was 213 psia. All return pressure measurements were within 
TRD limits. 

6.1.4 Reservoir Piston Position and Temperature 

The piston position measurement for the reservoir full condition was measured 
at 98.4 percent. At pump startup the reservoir gave up 10.5 cubic inches of 
fluid to the accumulator due to differential increase in supply pressure, 
and at this point the piston position measured 93.7 percent- The piston 
gradually settled to a 93 percent position at T + 90 seconds as the GN2 
temperature gradually recovered from the compression heating at pump startup. 

The reservoir oil temperature had remained stable at 87 degrees since liftoff. 
After T + 90 seconds the temperature gradually climbed to 98 degrees at MECO 
as the oil picked up compression energy from the pump. 

6.1.5 Hydraulic Servo 

The six servo valves and actuators functioned normally throughout flight. 

The summation of the actuator rates was a maximum at T + 16 seconds at which 
time the flow was calculated to be 1,6 gpm. Therefore, no fluid was r'equired 
from the accumulator to meet servo demands during the mission. Drift and 
balance shift were well vn'thin TRD limits for all servo valves, 

6.2 Second Stage Hydraulic System 

The' second stage hydraulic system provides tlie hydraulic power for the second 
stage engine gimballing and bi-propellant flow control valve actuation. The 
hydraulic system comprises an electric motor dirven fixed displacement piston 
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6.2 Second Stage Hydraulic System - Continued 

pump, and a separate precharged accumulator and precharged reservoir. 

Performance of the system was nominal during the first duty -cycle from T - 45 
seconds to SECO 1 at T + 531 seconds. Recorded T/M data from the subsequent 
experimental restart failed to include the pump startup transient and loss 
of battery power. However, all steady state data on the run were normal. 

6.2.1 First Duty Cycle 

Prior to pump turn on the return pressure measured 67 psia at a temperature of 
60 degrees F, and reflects the reservoir precharge which was 3 psi above 
nominal in a tolerance band of 10 psi. At turn on the supply pressure transient 
peak prior to accumulator piston first motion was 915 psia interpolated between 
datum points with a TRD allowable of 1135 psia. Accumulator piston first 
motion occurred at a pressure of 650 psia. The steady state supply pressure 
of 1100 psia was attained in 1.30 seconds, then slowly decreased to 1080 psia, 
at SECO 1 due to oil heating. At turn on the return pressure decreased to a 
steady state value of 49.5 psia at completion of accumulator filling. 

The motor pump temperature increased from a turn on value of 60 degrees F to 
194 degrees F at SECO-I and peaked at 202 degrees F at 610 seconds. Accumulator 
bleeddown required 11.0 seconds to a precharge corner of 565 psia. All 
measurements were within TRD limits during the run, 

6.2.2 Experimental Restart 

Datum coverage started at 3202 seconds, whereas pump restart was scheduled for 
3199 seconds. Usefull data amounted to 1.5 seconds during which time the 
supply pressure was 1095, the return pressure 58, and the motor case temperature 
125 degrees F. Data coverage began again at 3242 seconds while the hydraulic 
system was operating and was lost for the last time at 3465 seconds. The system 
responded normally during the restart. 

6.2.3 Hydraulic Servo 

Servo valves and actuators functioned satisfactorily during both hydraulic duty 
cycles. At initial pump start, the engine 'was snapped to zero deflection angle 
for a total oil useage of 0.9 cubic inches which was supplied by the pump 
during the transient rise in pressure as the accumulator was empty at this 
tinfe. This increased the duration of the pressure transient to 1.60 seconds in 
a prior experience band of 1,0 to 1.6 seconds. Bi-propellant valve actuation 
caused a dip of 80 psi in system pressure and a dip to 47 psia in return pressure. 
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6,3 Ordnance and Mechanical Devi ces 


All ordnance and mechanical devices functioned satisfactorily to complete a 
successful launch, 

6.4 Environmental Control Aerospace Ground Equipment (AGE) 

All environmental control AGE equipment performed satisfactorily during the 
countdown and launch, 

6.5 Hydraulic Control Aerospace Ground Equipment 

All hydraulic control AGE performed satisfactorily during the countdown and 
launch. 
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TABLE 6-1 


FIRST STAGE HYDRAULIC SYSTEM 
PERFORMANCE SUMflARY 
COS-B 


Event 

Time from 
Liftoff 
(sec) 

Supply 
Pressure 
• (psia) 

Return 

Pressure 

(psia) 

HTS power 

-5.0 

2955 

233 

Peak pressure 

0.4 

3268 

- 

Steady state 

5.0 

3175 

163 

Solid motor separation 

87 

3150 

150 

Reference point 

120 

3145 

148 

HECO 

227 

3135 

147 

Pump stall 

234.24 

2990 

141 

Reservoir full 

234.76 

2964 

141 

LPRV crack 

234.9 

2953 

220 

Accumulator empty 

300.6 

1610 

213 

Bleed dov/n + 5 sec 


200 

212 

Accumulator bleed down time 

73. 

5 seconds 


Decompression time 

1. 

6 seconds 
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.163 


1148 


147 




Return Pressure (psia) 


r-0 


T+5 


T+120 


T+227 


T+300.6 


FIGURE 6-1 COS-B FIRST STAGE HYDRAULIC SYSTEM PERFORMANCE 


ACCUM. EMPTY 


3235 


3170 3150 



FIGURE . 6>2 COS-B FIRST STAGE HYDRAULIC SYSTEM PERFORMANCE 



TABLE 6-2 


SECOND STAGE HYDRAULIC 
SYSTEM PIRFORMAHCE SUfMRY 
COS-B 


Event 

Time from 
Liftoff 
(sec) 

Supply 

Pressure 

(psia) 

Return 

Pressure 

(psia) 

Prior to pump on 

-46 

60 

67 

Pressure knee 

-45.4 

680 


Steady state 

-40 

1100 (actual) 49,5 

Liftoff 

0 

1100 

53 

At engine ignition 

241 

1090 

59/47 

SECO-1 

531 

1080 

62 

Accumulator empty 

542 

565 

87 

Prior to restart 

Data’ 

not available 


Pressure knee 

Data 

not available 


Steady state 

3203 

1095 

58 

SECO-2 

3247,5 

1090 

57 


Accumulator bleed dov/n time 11,0 seconds 

(1st cycle) 

Accumulator bleed dov/n time N/A - Pump remained on 

(restart) 
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Section 7 

STRUCTURAL SYSTEMS - COS-B MISSION 

7.1 STRUCTURAL PERFORMANCE 

The COS-B first and second stage and fairing structural subsystems and 
associated components satisfactorily provided the launch vehicle with the 
strength and rigidity required to withstand all design conditions during han- 
dling and throughout all phases of the flight, A secondary transient was 
noted during fairing jettison. Reference T00164, "Fairing Separation and Roll 
Moment", unreleased at this time. A second stage POGO was noted and will be 
covered by T00166, "COS-B Anomaly Investigation", unreleased at this time. 

7.2 VIBRATION MEASUREMENT DATA 

Vibration data analysis results for COS-B will be documented under separate 
cover at a later date. 

7.3 WEIGHT DATA 

Actual inflight weight data for the COS-B launch vehicle and its various com- 
ponents are provided in Table 7-1. Included in this table are actual dry 
weights, propellant liftoff weights and densities, and pressurization and con- 
trol gas weights. 

7.4 SUPPORT EQUIPMENT AND FACILITIES 

All support equipment performed satisfactorily during countdown and launch. 
Damage to the facilities at Launch Complex SLC 2W at the Vandenberg Test Cen- 
ter was light. Recycle time to support the next launch was normal. 



TABLE 7-1 


FINAL POST FLIGHT WEIGHT SUMMARY 
COS-B CONFIGURATION 2913 



ITEM 

WEIGHT (LBS) 

. WEIGHT (LBS) 

1. 

THIRD STAGE USEFUL LOAD 


681 .81 


COS-B Spacecraft 

Payload Attach Fitting, MDAC 

Mods and Telemetry 

614.15 

63.31 

4.35 



Ballast 


2. 

BURNED OUT THIRD STAGE (TE-364-3 
S/N 00025) 


129.69 

3. 

THIRD STAGE BURNOUT 


811.50 

4. 

PROPELLANTS AND INERTS CONSUMED 


1,450.64 

5. 

THIRD STAGE IGNITION 


2,262.14 

7. 

SPINTA8LE ASSEMBLY DSV-3E-17C 
(S/N 20236) 


214.83 

8. 

SECOND STAGE USEFUL LOAD 


2,476.97 

9. 

DRY SECOND STAGE - DSV-3P-4B 


1,815.47 


(S/N 20020) (LESS 8.0 LBS. 
ABLATIVE EXPENDABLES) 



lU. 

TRAPPED PROPELLANTS 


29.34 


Fuel 

5.24 



Oxidizer (Liquid) 

11.10 



Oxidizer (Vapor) 

13.00 


n. 

HELIUM (2 BOTTLE SYSTEM) 


20.34 

12.- 

NITROGEN RESERVE - 1 BOHLE SYSTEM 


18.25 

13. 

PROPELLANT RESERVE 


778.40 


288.04 • 
490.36 


Fuel 

Oxidizer 
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TABLE 7-1 (CONTINUED) 

FINAL POST FLIGHT WEIGHT SUMMARY 
COS-B CONFIGURATION 2913 



ITEM 

WEIGHT (LBS) 

WEIGHT (LBS) 

22. 

NITROGEN USED DURING COAST AND 
FIRST BURN 


4.85 

25. 

SECOND STAGE ENGINE CUTOFF - 
FIRST BURN 


5,143.62 

4. & 26. 

STOP TRANSIENT & TCA BOILOFF 


11.72 


Fuel 

5.10 



Oxidizer 

6.62 


23. 

ABLATIVE EXPENDABLES 


8.00 

27. 

PROPELLANT CONSUMED 


9,238.02 


Fuel 

3,575.54 



Oxidizer 

5,662.48 


28. 

FAIRING DSV-3P-7A (S/N 20023) 


1,305.00 

29. 

START TRANSIENT 


2.31 


Fuel 

.62 



Oxi di zer 

1.69 


30. 

SECOND STAGE IGNITION 


15,708.67 

31. 

FIRST TO SECOND STAGE ADAPTER - 
DSV-3P-2A (S/N 20019) 


986 

32. 

DRY BOOSTER DSV-3P-1A (20020) 
(602) 


8,948 

33. ■ 

TRAPPED PROPELLANTS AND GASES 


670 


Fuel 

142 



Liquid Oxygen 

70 

■ 


Gaseous Oxygen 

335 



Gaseous Nitrogen 

117 



FABU Lube and/or Fuel 

6 
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TABLE 7-1 (CONTINUED) 

FINAL POST FLIGHT WEIGHT SUMMARY 
COS-B CONFIGURATION 2913 



ITEM 

WEIGHT (LBS) 

WEIGHT (LBS) 

34. 

RESIDUAL PROPELLANTS 


282 


Fuel 

282 



Liquid Oxygen 

0 


35. 

RESIDUAL VERNIER PROPELLANTS 


54 


Fuel (Includes 18 pounds vernier 

25 



refill) 

Liquid Oxygen (Includes 12 pounds 
vernier refill) 

29 


36. 

VERNIER ENGINE CUTOFF 


26,649 

37. 

VERNIER PROPELLANT CONSUMED 


44 


Fuel 

16 



Liquid Oxygen 

28 


38. 

MAIN ENGINE STOP LOSSES 


140 


Fuel 

47 



Liquid Oxygen 

93 


39. 

miN ENGINE CUTOFF 


26,833 

40. 

LIQUID PROPELLANTS CONSUMED 


175.388 


Fuel 

55.590 



Liquid Oxygen 

119,798 


41. 

LIQUID PROPELLANTS & GASES VENTED 


364 


Fuel Overflow 

. 8 



Liquid Oxygen Overflow 

29 



Gaseous Oxygen Vented 

327 
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TABLE 7-1 (CONTINUED) 

FINAL POST FLIGHT WEIGHT SUMMARY 
COS-B CONFIGURATION 2913 



ITEM ' 

WEIGHT (LBS) 

WEIGHT (LBS) 

42. 

SOLID MOTOR CASES (6) (FIRST BURN) 


9,530 


Solid Motor Cases (6) 
MDAC Modifications 
Cork Insulation 

8,797 

413 

320 


43. 

SOLID MOTOR CASES (3) (SECOND 
BURN) 


4,725 


Solid Motor Cases (3) 
MDAC Modifications 
Cork Insulation 

4,373 

207 

145 


44. 

SOLID MOTOR PROPELLANT & INERTS 
CONSUMED (6) (FIRST BURN) 


49,591 


Propellants 

Inert Loss During Burning 

49,233 

358 


■45. 

SOLID MOTOR PROPELLANTS & INERTS 
CONSUMED (SECOND BURN) 


24,837 


Propellants 

Inert Loss During Burning 
Pyrogen 

24,652 

179 

6 


47.' 

SOLID MOTOR NOZZLE PLUGS (3) 
(SEOND BURN) 


22 

48. 

LIFTOFF 


291 ,290 
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TABLE 7-1 (CONTINUED) 

FINAL POST FLIGHT WEIGHT SUMMARY 
COS-B configuration' 2913’ 


PROPELLANT DATA 


ITEM HEIGHT (LBS) 

FIRST STAGE 

Oxidizer in tank at liftoff 120,501 

Fuel in tank at liftoff 55,898 

SECOND STAGE 

Oxidizer loaded 6,185.25 

Fuel loaded , 3,874.54 


DENSITY (LBS/FT^) 


70.589 

50.496 


90.843 

56.504 
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Attachment 8 to: 

A3-262-AMOO-M75-509 


Section 8 
RELIABILITY 

The reliability point estimates and 90 percent lower confidence limits for 
the various Delta vehicle configurations flown to date, considering 113 
flights, are furnished in Table 8-1. The indicated reliability point esti- 
mate values were obtained by dividing the number of flight successes by the 
total number of flights. Using these values, applicable standard probability 
tables were then utilized to obtain the 90 percent confidence limit values 
that are shown. 
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Table 8-1 

RELIABILITY SUMMARY (COS-B) 


Item 

Trials 

Failures 

Reliability 

Point 

Estimate 

90 % Lower 
Confidence 
Limit 

Complete Vehicle 

Delta 

38 

3 

0*921 

0.833 

Improved Delta 

26 

0 

1.000 

0.915 

Long Tank Delta 

29a 

5 

0.828 

0.704 

Extended Long Tank Delta 

20b 

1 

0*950 

0.819 

Total Vehicles 

113 

9 

0.920 

0.877 

First Stage Booster 

Thor 

64 

0 

1.000 

0.965 

Long Tank Thor 

29a 

2 

0.931 

0.827 ' 

Extended Long Tank Thor 

8b 

0 

1.000 

0.750 

RS-27 (E.L.T.) 

12b 

0 

1.000 

0.825 

Total Boosters 

113 

2 

0.982 

0.954 

Second Stage 
Delta 

38 

1 

0.974 

0*901 

Improved Delta 

48c 

1 

0.979 

0.921 

Transtage Delta 

12 

2 

0.833 

0.6l4 

SSPU (TRW) 

13 

0 

1.000 

0.838 

Total Second Stages 

111 

4 

0.964 

0.929 

Third Stage Motor 

X-248 Motor 

22d 

1 

0.955 

0.834 

X-258 Motor 

18 

1 

0.944 

0.801 

Ftf-to Motor 

21d 

0 

1.000 

0.896 

TE-361+-3 Motor 

17e 

1 

0.941 

0.790 

TE-36U-4 Motor 

10 

0 

1.000 

0.794 

Total Third Stages 

88f 

3 . 

0.966 

0.926 


a. Long Tank Thor /Delta: Includes four six-solid-motor booster configurations 

(IMP-I, TIROS-M, ITOS-A> ITOS-B) and two nine-solid-motor booster configura- 
tions (ERTS-A, NIMBUS-E). 

b. Extended Long Tank Thor /Delta: Includes three three-solid-motor booster con- 

figurations (SKYNET-IIA, SKYNET-IIB, ITOS-G), one four-solid motor booster 
configuration (GEOS-C), two six-solid-raotor booster configurations (IMP-H, 
IMP-J), and fourteen nie-solid-motor booster configurations (TELESAT-A, AEG, 
TELESAT-B, RAE-B, WESTAR-A, WESTAR-B, SMS-A, SYMPHONIE-A, ERTS-B, SMS-B, 
TELESAT-C, NIMBUS-F, OSO-I, and COS-B )• 

c. Two improved Delta vehicles were not considered trials. 

d. One motor of this model was not considered a trial* 

e. One motor of this model was not considered a trial, and the one flown on the 
INTELSAT-III-E mission (Delta Program Mission No* 71) was considered a failiire* 

f. Twenty-two launch vehicles did not have a third stage* 
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Attachment 9 

DEFINITIONS OF PERFORI^ANCE PARAMETERS 
[TABLES 2-U THROITOH 2-6 OF ATTACHMENT 2 (SECTION 2)] 

This attachment provides the performance parameter definitions on vhich the 
values given in Tables 2-U throijgh 2-6 of Attachment’ 2 (Section 2) are based. 

9.1 First Stage 

First stage performance parameters for the liquid engine system and for the 
solid motors are defined in the following paragraphs. 


9-1.1 Liquid Engine System 
Parameter 


Average Altitude Thrust: 


Average Vacutmi Thrust: 


Definition 


The liquid engine thrust for altitude 
conditions averaged from liftoff to MECO. 

The liquid engine. thrust for vacuum 
conditions averaged from liftoff to MECO. 


Average Altitude Effective The liquid engine effective specific 

Specific Impulse: impulse for altitude conditions averaged 

from liftoff to MECO. 


Average Vacuum Effective 
Specific Impulse: 

Propellant Utilization: 


9.1.2 Solid Motors 
Parameter 

Average Altitude Thrust: 
Average Vacuum Thrust: 


The liquid engine effective specific 
impulse for vacumn conditions averaged 
from liftoff to MECO. 

The ratio of the weight of propellant 
consumed during steady-state, burn ( from 
liftoff to depletion at MECO) to the 
weight of total propellant available 
for the steady-state bum. 


Definition 


The total thrust of the solid motors 
for altitude conditions averaged from 
liftoff to burnout. 

The total thrust of the solid motors 
for vacu\im conditions averaged from 
liftoff to bvirnout. 
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Average Altitude Specific 
Impulse; 


The specific impulse for altitude con- 
ditions averaged for the solid motors 
from liftoff to hurnout. 


Average Vacuiim Specific 
Impulse : 


The specific impulse for vacum con- 
ditions averaged for the solid motors 
from liftoff to burnout. 


9.2 . S.econd Stage 

Second stage performance parameters are defined as follows; 


Parameter 


Definition 


Average Thrust (ACC); 


Average Thrust (Pc); 


The thrust of the second stage engine 
averaged from start* to SECOM. The 
reconstructed value is based on a flight 
kinetic reconstruction using DIGS accel- 
eration, flow rates, and actual vehicle 
weight data. 

The thrust of the second stage engine 
averaged from start* to SECOM. The 
reconstructed value is based on a pro- 
pulsion reconstruction using chamber 
pressure (Pc), flow rates, nozzle throat 
area, thrust coefficients, and acceptance 
test data. 


Average Specific Impiilse (ACC); The specific impulse of the second stage 

engine averaged from start* to SECOM. 

The reconstructed value is based on the 
flight kinetic reconstruction. 

Average Specific Impulse (Pc); The specific impulse of the second stage 

engine averaged from start* to SECOM. 

The reconstructed value is based on the 
propulsion reconstruction. 

Propellant Consumption; The ratio of the weight of propellant 

consumed during steady-state burn (from 
start* to SECOM) to the weight of total 
propellant available for a steady-state 
burn. 

Propellant Utilization; The ratio of the weight of propellant 

that would have been consumed during 
steady-state burn if the engine had 
burned to depletion to the weight of 
the total propellant available for a 
steady-state b\irn. 


*Start and restart are defined as the time at which chamber pressure 
reaches a steady-state level. 
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Attachment 10 


VEHICLE PERFOBMANCE TELEMETRY PLOTS - COS-E MISSION 


A series of telemetry plots relating to COS-B launch vehicle inflight 
performance is furnished in this attachment . Included are all' of the PBM 
and M data; the first-stage plots cover the period from -300 seconds to 
500 seconds (pages 10-6 through 10-29); the second-stage plots cover the 
period from -300 seconds to 3,600 seconds (pages 10-30 through 10-59); 
and the third stage plots cover the period from -300 seconds to 85600 
seconds (pages 10-68 through 10-73)* Also included in this attachment are 
data for fourteen selected PCM channels from the second-stage T/H; the 
PCM data plots cover the period from -300 seconds to 3,600 seconds (pages 
IO-6O throiigh 10-67)* An index to the PDM, FM, and PCM data plots is 
provided on pages 10-2 through 10-5 of this attachment* 
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CG12.3S 

C012-36 

CG12.37 

CB12-38 

C612-39 

CG12-40 

CG12.42 

CG12-43 

CG21.Q1 

CC21.0S 

CG21.03 

CG21.04 

CG21.0S 

CG21-06 

CG21-07 

0621.08 

CG21-09 

0021-10 

eSBl-ii 

CQ21-12 

0621-13 

CG21-14 

CG21-15 

0621-16 

0621-17 

0621-18 

CG21-19 

0621-20 

0621-21 

0621-22 

CG21-23 

0621-24 

C021-25 

CG21-26 

CG21-27 

0621-28 

0621-29 

CG21-30 

0621-31 

0621-32 

0621-33 

0621.34 


M.6, 7AW SERVO OJFf. SfSMAL 
VE 1 YAW SERVO 3Ifr. SI6N41, 

V6 2 YAW SERVO BIFF. SISWAl 
-lo voc frarsdocer power 
-IP voc transducer power 

HY 3 RAOUC ACCUW TENPERATuRP 
HVoRAUtIC ACCUM 8N2 PRESSURE 

heuum aoTTtE pressure 
center body air temperature 
thrust CHAMfiER DOME OXtD PRESS 
{.USE SYSTEM PRESSURE 
GG FUEL INLEF PRESSURE 
THRUST CHM8R DOME FUEl IMJ PRESS 
P060 NO, 2 t,ox accumulator TEMP 
pooo NO, 1 Lox accumulator Temp 
5 VOLT ABSOLUTE 

instrumentation ground 

YAW SUMMING amp OUTPUT 
VALVE EXCITATION <POS» 

EVENT GROUP NO.l 
valve excitation (MEG) 

G,e, logic voltage 

ROLUPITCH JET act - SECONDARY 

PITCH ACTUATOR POSITION 

CDR NO, 1 ise 

|«U SLOCK tbepbraturs 

BMOjNi SATTIMt current 

YAH ACTDaTOR position 

event group no, 4 
event group no, 5 
NITROGEN BOTTLE PRESSURE 
9 VOLt POT EXcfTATlOH 
PITCH SUMMING AMP OUTPUT 
PlfCH SERVO OlfFERENTlAL SIGNAL 
control batterv voltage 
IN8TRUM6NTATI0N BATTERY VOlTaOE 
OXIDIZER Tank pressure 

HYnRAULIC SYSTEM PRESSURE 
FEEDBACK POT EXCITATION <PoS) 
FEEDBACK POT EXCITaTIOm <NeO> 

HYO MOTOR PUMP TEMPERATURE 
NITROGEN regulator PRESSURE 
oxidizer LING temperature 

hyoraulic system Return pressure 

COR NO, 2 AOC 

oc memory voltage 
IMU gyro excitation 
1ST stage roll control signal 
event oroup no. 2 


302 

303 

303 
300 
300 

304 

304 

305 
SOT 

305 
3DS 
30G 

306 
337 

307 
500 

500 

502 

503 
50« 

503 

506 

504 

505 

507 

505 

501 

502 

506 

506 
510 

500 
505 

505 

501 
500 
510 

507 

503 

503 
309 
510 
510 
509 
507 

506 
506 

504 
506 



S'Ol 


G!r<ccMf 1,5 top >/=:-i<.c sc. 

h^aS E._ *0. «£ASL»»BMGNT SA>< = 


PD»'»il-3'= CG21-35 uOGIC VOLTAGE 

PD«*?1-3A CG21-36 YA. SE'^VO DtFrEqGNTfAL SIGNAL 

PDM»2l»3’ CG21-37 ^clI^^H BOTTl^ PReSSjFic 

PDMa2X-36 CGSi-se mElIv'M REGULATED PRESSURE 

PDH»2:-3o CG21-39 FwCu LINE TekpeRaTurp 

PDM»21-<r CG21^4 o pItch/ROLL JET ACT - SECONDARY 

PDHa21-4t CG21-41 YAh JET ACTUaT I OS-SccCN: a^y 

PDM»21-42 cG 21^42 rJCL TANK PRESSURE 

PDn-21-47 CG21-43 ENGINE 8ATTERY VOLTaGE 



rfc-^A 


P A G ^ N 0 • 


cat»2i Plot »wwM3eR5> 

506 

502 

511 

511 

511 

50^ 

502 

511 

501 


& 








TEST ID 0*16619 *U1000 20018 


COS-B DRETS 


PLOT ft/0 102 


REFERENCE TinE 01 HT 59,795 



-300 -200 


“100 0 100 200 
RELATIVE TlflE IN SEC 


300 *iOO 


500 


HEAS. NUnBER 

CHANNEL ASGN, 

TITLE 

RANGE 

UNITS 

GRiD-SVfl 

Fn-11-13 

CFll-13 

FUEL POMP INLET PRESSURE 

0 TO 500 

P5IA 

A 

FM-11“09 

CFll-09 

LOX ACCUMULATOR PRESSURE 

0 TO 100 

PSIA 

B 
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TEST ID 0^6619 ^31000 20018 


COS-B ORETS 


PLOT NO 200 


REFERENCE TIME 01 97 59,795 


flERS. 

PDrt-1 

PO«-l 

POn-1 

PDM-1 


6.00 

5.00 

9.00 

3.00 

2.00 

1.00 

H .00 

3.00 

2.00 

\ .00 

0.00 

- 1.00 

35.0 

30.0 

25.0 

20.0 

15.0 

10. 0 
5.0 
0.0 


I 

































_ilJ 

























IBgSilBI 





il 








IT 



































fiELOTIVE TIHE IN SEC 


NUHBER 

CHANNEL AS6N. 

TITLE 

RANGE 

UNITS 

GRID-SVR 

1-01 

CGll-Ol 

5 VOLT REFERENCE 

0.00 TO 5.00 

VDC 

A 

1-02 

CGI 1-02 

INSTRUPIENTATION GROUND 

0.00 TO 5.00 

VDC 

B 

1-23 

. CG 11-23 

CONTROL BATTERY VOLTAGE 

0.0 TO 35.0 

VDC ‘ 

C 

1-29 

CG 1 1 -2N 

INSTRUflENTATlON BATTERY VOLTAGE 

0.0 TO 32. 0 

VDC 

CX 

l-?9 

CGI 1-29 

colid nOTpR POT EXCITATION 

0.00 TO 5.00 

VOC 

0 
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TEST 10 0H6619 93J000 20018 


COS-B DRETS 


PLOT NO 201 


REFERENCE TINE 01 97 59.795 




-300 

-200 

-100 0 100 200 
RELATIVE TIflE IN SEC 

300 

<100 

500 

flEAS. NUnBEH 

CHANNEL 

AS6N. 

TITLE 

RANGE 

UNITS 

6RI0-SYN 

pon-ii-u 

CGlJ-17 


FEEOBACK POT EXCITATION (POSl 

0.0 TO 30.0 

VDC 

A 

pDn-n-18 

CGlI-18 


FEEDBACK POT EXCITATION (NE6) 

-30.0 TO -13.0 

VDC 

B 

PDn-11-21 

CGll-21 


ACTUATOR excitation (NEG) 

-30.0 TO -13.0 

VDC 

C 

pon-n-3^ 

CGn-3^ 


ACTUATOR excitation (POS) 

*i$.0 TO 55.0 

VDC 

0 
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TEST ID 0H6619 931000 200U 


COS-B DRETS 


PLOT NO 202 


REFERENCE TinE 01 97 59.795 



110 

90 

70 

50 

30 

10 

-10 

MO 

90 

70 

50 

30 

10 
















- 





^ — - 




1 


























Lr^ 




fct 


-10' 

t 

J 

t I 1 

« 

-,nJ 1. , 


— * 


-300 

-200 

-100 0 100 

200 

300 

A 00 

500 




RELATIVE TIME IN 

SEC 




PIERS . NUriBER 

CHANNEL 

ASGN. 

TITLE 


RANGE 

UNITS 

GRID-SYfl 

PDn-11-28 

C6 1 J-28 


SEQUENCE NO. 2 S.W. SET 

N0.2 ’*■ 3 

0 TO 100 

PCT 

A 

PDM-11-31 

C8I1-31 


SEQUENCE NO. 3 5.M. SET 

NO. 3 

0 TO 100 

PCT 

B 

PDPI-11-30 

CGI 1-30 


SEQUENCE NO. 9 


0 TO 100 

PCT 

C 

PDW-n-36 

CG1J-3G 


SEQUENCE NO. 5 


0 TO 100 

PCT 

0 
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TEST 10 0*^6619 *<31000 20018 


COS-B DRETS 


PLOT NO 203 


REFERENCE Tint 01 ^7 59.795 




no 

90 

70 

50 

30 

10 

-10 









' 









* 







































-300 -200 

MEAS. NUnBER 
POn-11-32 
PDn-n-35 
P0n-l!-39 
pDrt-n-13 


-100 0 100 

RELATIVE TIrtE IN SEC 
TITLE 

SEQUENCE NO, 6 S.fl. SET NO, 2 
SEQUENCE NO. 7 S,«, SET NO.l 
SEQUENCE NO. 8 S.n. SET NO.l 
SEQUENCE NO. 9 


200 300 900 


RANGE 

UNITS 

0 TO 100 

PCT 

0 TO 100 

PCT 

0 TO 100 

PCT 

0 TO 100 

PCT 


CHANNEL AS6N. 
CGI 1-32 
CG 11-35 
CGI 1-39 
CGI 1-1 3 


500 

6RID-SVN 

A 

B 
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TEST ID 0H6619 <131000 20018 


COS-B ORETS 


PLOT NO 20<l 


REFERENCE TIME 01 <17 59.795 















1 














r 







— , r 







t 





' 





















- - i 





i 



i. ! 
























-5.0 



-300 

-200 

-100 0 100 

RELATIVE TIME IN SEC 

200 300 

900 

500 

flEAS. NUMBER 

CHANNEL 

AS6N. 

TITLE 

RANGE 

UNITS 

GRIO-SYH 

PDM-11-03 

CGU-03 


MAIN ENGINE PITCH POSITION 

-5*0 TO 5*0 

DEG 

A 

PDM-n-0<* 

CGI 1-09 


MAIN ENGINE YAU POSITION 

-5.0 TO 5.0 

DEG 

B 

PDM-n-09 

CGI 1-09 


PITCH SUMMING AMP OUTPUT 

-^.50 TO 9.50 

VDC 

C 

PDM-IWIO 

CGI 1-10 


YAW SUMMING AMP OUTPUT 

-9.50 TO 9.50 

VDC 

0 
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TEST 10 0^6619 931000 20018 


COS-B ORETS 


PLOT NO 205 


REFERENCE TlnE 01 97 59.795 


riEAS. 

PDf1-l 

PDM-1 

pon-1 




NUMBER 

1-05 

1-06 

1-12 


CHANNEL AS6N. 
CGI 1-05 
CG 11-06 
CG11-12 


TITLE RANGE 

V,E, NO.l PITCH/ROLL POSITION -95.0 TO 95.0 

V,E. NO.l VAW POSITION -29.0 TO -9.0 

ROLL SUMMING AMP OUTPUT VE NO.l -9.50 TO 9.50 


UNITS 

DEG 

DEG 

VDC 


GRTO-SYM 

A 


1004 


iC u 





TEST ID 0^»6619 <*31000 20018 COS-B ORETS PLOT NO 206 REFERENCE TIPIE 01 97 59.795 

500 

900 

300 

200 

100 

0 
50 

30 

10 

-10 

-30 

^50 
30,0 

25.0 

20.0 

15.0 

10.0 
5.0 
0.0 




-300 


-200 


-100 


0 100 
RELATIVE TINE IN SEC 


200 


300 


900 


500 


f!EA$. NUMBER 

CHANNEL ASGN. 


TITLE 

RANGE 

UNITS 

GRID-SVM 

PDfl-n-22 

C6 11-22 

V.E, 

NO. 2 chamber pressure 

0 TO 500 

PSIA 

A 

PDfl-n-07 

CGll-07 

V.E. 

NO. 2 PITCH/ROLL POSITION 

-95,0 TO 95,0 

0E6 

B 

PDrt-n-08 

CG 11-08 

V.E. 

NO. 2 YAW POSITION 

9.0 TO 29.0 

DEG 

C 

POfl-ll-ll 

CGll-ll 

ROLL 

SUMMING AMP OUTPUT VE NO. 2 

-9.50 TO 9.50 

VDC 

D 
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TEST 10 046619 431000 20018 COS-B DRETS PLOT NO 20T REFERENCE TIME 01 47 59.795 




-300 -200 

-100 0 100 

200 

300 

400 

500 



RELATIVE TINE IN SEC 





HEAS. number 

CHANNEL ASGN. 

TITLE 


RANGE 

UNITS 

6RID-SVPI 

PD«-n-25 

C61l*25 

HVORAULIC SUPPLV PRESSURE , 


0 to 4000 

PSIA 

A 

PDM-n-26 

CGI 1-26 

HYDRAULIC RETURN PRESSURE 


0 TO 400 

PSIA 

B 

P0M-I1-2T 

CGIl-27 

HYORAOLIC ACCim piston position 

0 TO 100 

PCT 

C 
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TEST ID 0<i6619 931000 20018 


COS-B OHETS 


PLOT NO 208 


REFERENCE TIME 01 97 59.795 





-300 

-200 

, -100 0 100 200 


300 

900 

nEAS. NUnBER 

CHANNEL 

ASGN. 

RELATIVE TIME IN SEC 
TITLE 

RANGE 

UNITS 

POM-U-33 

CGIl-33 


ENGINE PNEUHATIC BOTTLE PRESS 

0 TO 

5000 

PSIA 

PD«-n-AO 

CGll-'iO 


MAIN FUEL TANK TOP PRESSURE 

0 TO 

100 

PSIA 

pon-n-**? 

CGll-A? 


LOX TANK TOP PRESSURE 

0 TO 

100 

PSIA 


500 

6RI0-SYfi 


10-17 
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TEST 10 0H66I9 <131000 20018 


COS-B DBETS 


PLOT NO 209 


REFERENCE TINE 01 97 59.795 




-300 -200 

flEAS. NUMBER 
P0f1-ll-3r 
POrt-11-38 
POn-ll-91 


-100 0 100 

RELATIVE TINE IN SEC 
TITLE 

SOLID MOTOR NO.l CHAMBER PRESS 
SOLID MOTOR NO. 2 CHAMBER PRESS 
SOLID MOTOR NO. 3 CHAMBER PRESS 


200 300 900 


RANGE 

UNITS 

0 TO 800 

PSIA 

0 TO 800 

PSIA 

0 TO 800 

PSIA 


CHANNEL A SON. 
CSll-37 
CGI 1-38 
CGll-91 


500 

6RI0-SYM 


10-18 


O OF 




0 - 











COS-B ORETS 


PLOT HO 2U 


REFERENCE TI«E 01 H7 5?. 795 


TEST ID 0^6619 ^31000 20018 





*300 


-200 


rlEAS. NUMBER 
POM-ll-19 
PDM-11-20 
PDM-11-93 


CHANNEL A56N. 
CGU-19 
C6 11-20 
con-93 


“ 100 ^ 0 100 

RELATIVE TIME IN SEC 
TITLE 

SOLID MOTOR NO. 7 CHAMBER PRESS 
SOLID MOTOR NO. 8 CHAMBER PRESS 
SOLID motor no. 9 CHAMBER PRESS 


200 


300 

RAN6E 
0 TO 800 
0 TO 800 
0 TO 800 


900 


UNITS 
PSIA 
PSIA . 
PSIA 


SOO 


6RID-SYM 
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TEST ID 0^6619 H32000 20018 COS-B DRETS PLOT NO 300 ' REFERENCE TIME 01 9T 59.795 

6.00 

5.00 

H. OO 

3.00 

2.00 

1.00 

9.00 

3.00 

2.00 

I. 00 
0.00 

“ 1.00 

15.0 

10.0 
5.0 
0 0 


















TJ 























! 





“300 

-200 

-100 0 100 

RELATIVE TIRE IN SEC 

200 300 

900 

500 

WEAS. NUMBER 

CHANNEL 

AS6N. 

TITLE 

RANGE 

UNITS 

6RID-SYM 

P0M“12“01 

CG 12-01 


5 VOLT REFERENCE 

0,00 TO 5.00 

VDC 

A 

PDM-1Z“02 

C8 12-02 


INSTRUMENTATION GROUND 

0.00 TO 5.00 

VDC 

B 

PDM“12“12 

CG12-12 


12.35 VOLT BIAS 

0.0 TO 12.9 

VDC 

C 

PDM-12-29 

CGI 2-29 


4-10 VDC TRANSDUCER POWER 

0.0 TO 20.0 

VDC 

D 

P0n-1?“30 

CG12-30 


-10 VnC TRANSDUCER POWER 

“?0,0 TO 0.0 

VDC 

OX 
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TEST ID 0N6619 ^32000 20018 


COS-B OBETS 


PLOT NO 301 


REFERENCE TIRE 01 ^7 59.7S5 


1000 

800 

600 

^00 

200 

0 

1000 

600 

600 

^00 

200 

0 

1000 

800 

600 

*100 

200 

0 

1000 

800 

600 

^00 

200 

0 



-300 -200 

-too 0 too 200 

300 

BOO 

500 



RELATIVE TINE IN SEC 




nEAS. NOffBER 

CHANNEL AS6N. 

TITLE 

RANGE 

UNITS 

6RID-SYN 

PDM-12-13 

C612-I3 

V.E. NO.I HOUSING TEMPERATURE 

32 TO 1000 

DEG F 

A 

PDH-12-H 

C612-H 

V.E. NO. 2 HOUSING TEMPERATURE 

32 TO 1000 

DEG F 

B 

PDf1-J2-16 

C6I2-16 

AIR CONDITIONING INLET TEMP 

32 TO 1000 

0E6 F 

C 

PDM-12-17 

CS 12-17 

SKIRT SECTION TEMPERATURE 

32 TO 1000 

OEG F 

C 











































— ■ 
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TEST ID 0*J6619 932000 20018 


COS-B DRETS 


PLOT NO 302 


REFERENCE TlrtE 01 97 59.795 


MEA5. 

PDP1“1 

POPl-^l 

PDrt-1 




-300 


NUnBER 

2-15 

2-23 

2-26 


-200 

CHANNEL AS6N. 
CG12-15 
CG 12-23 
CG 12-26 


-100 0 100 200 300 

RELATIVE TINE IN SEC 

TITLE RANGE 

N.E. PITCH ACTUATOR TEHPERATURE 32 TO 1000 
W.E. PITCH SERVO DIFF. SIGNAL -8.0 TO 8.0 

N.E. YAU SERVO OIFF. SIGNAL -8.0 TO 8.0 


900 


UNITS 
0E6 F 
NA 
NA 


500 

6RID-SVN 

A 

B 

C 
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TEST !0 0H6619 H32000 20018 


COS-B DRETS 


PLOT NO 303 


REFERENCE TIPJE 01 59.79$ 














\m 





■ P,| XXigllJ 











Hll 

H 




1 

















■ 



_jjll 






1 









1 





-300 


-200 


-100 


0 100 
RELATIVE TIME IN SEC 


200 


300 


900 


rtEAS. NUnBER 

CHANNEL AS6N. 



TITLE 

RANGE 


UNITS 

PDM-1 2-2*» 

CG 12*29 

VE 

1 

PITCH/ROLL SERVO DIFF S6NL 

-8.0 

TO 

8.0 

NA 

PDM-12-25 

CG 12*25 

VE 

2 

PITCH/ROLL SERVO DIFF SGNL 

-8.0 

TO 

8.0 

mi 

POH- 12-27 

CGI 2-27 

VE 

1 

VAN SERVO DIFF. SIGNAL 

-8.0 

TO 

8.0 

no 

PDd-12-28 

CGI 2-28 

VE 

2 

YAW SERVO DIFF. SIGNAL 

-8.0 

TO 

8.0 

NA 


509 

SRlD-SVn 
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TEST ID 0**66l9 H32000 20016 


COS-B DRETS 


PLOT NO 30*» 


REFERENCE TIME 01 m 59.795 


300 


200 


100 


0 


‘100 




MEAS. NUnBER 
pon-u-31 

CHANNEL AS6N. 
CG12-31 

HYDRAULIC 

TITLE 

Accun temperature 

RANGE 
-20 TO 300 

UNITS 
DEG F 

6RID-Sy« 

A 

PDH-12-32 

CS 12^32 

HYDRAULIC 

ACCOM 6N2 PRESSURE 

0 TO HOOD 

PSIA 

B 


10-25 






TEST ID 0*16619 932000 20018 


COS-B DRETS 


PLOT NO 305 


REFERENCE TIME 01 H7 59.795 





-300 -200 


flEAS/ NUnBEft 
PDrt-12-11 
PDN-12-33 
pon-i2-3r 


CHANNEL ASSN. 
C6 12-11 
CS 12-33 
C6 12-37 


-100 0 100 200 
RELATIVE TINE IN SEC 
TITLE 

LOT Ptmp INLET TEMPERATURE 
HELIUn BOTTLE PRESSURE 
THRUST CHAMBER DONE OX 10 PRESS 


300 900 500 


RANGE 

-300.0 TO -275.0 
0 TO 2000 
0 TO 1000 


UNITS GRID-SVN 
DEG F A 

PSIA 8 

PSIA C 


, 10-26 




test, id 0**66H H32000 20018 


COS-B DRETS 


PLOT NO 306 


REFERENCE TIHE 01 ^7 59.795 




ffEAS. number 

CHANNEL ASGN. 


TITLE 

RANGE 

UNITS 

POM-12-08 

CGI 2-08 

GG 

COMBUSTION temperature 

-30 TO 2200 

DEG F 

ppr»-u-io 

CG 12-10 

GG 

LOX INJECTOR PRESSURE 

0 TO 1000 

PSIA 

POn-12-39 

CG 12-39 

GG 

FUEL INLET PRESSURE 

0 TO 1000 

PSIA 


10-27 
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-300 -200 -100 0 100 200 300 ^00 500 

BELUTIVE TIME IN SEC 

MEAS. NUMBER CHANNEL ASGN. TITLE RANGE UNITS GRID-SVN 


PD«-l2-^2 CG12-A2 POGO NO. 2 LOX ACCUMULATOR TEMP -300 TO 60 DEG F A 
PDM-12-A3 C612-N3 ' POGO NO*. I LOX ACCUMULATOR TEMP -300 TO 60 DEG F 8 
PDM-12-21 CGI 2-2! CENTER BODY SKIN TEMPERATURE -100 TO A75 DEG F C 
PDrt-lZ-36 CG 12-36 CENTER BODY AIR TEMPERATURE -^0 TO 150 OEG F D 


10-28 






NliriBER 

CHi 

2-07 

CG 

2-^0 

CG 

2-03 

CG 

2-38 

CG 






TEST 10 0«f6619 921000 20010 


COS-6 OHETS 


PLOT NO 900 -A 


REFERENCE TIRE OJ 97 59.795 


NEAS. 

FH-21 

FI9-21 

FN-2I 



RELATIVE TINE IN SEC 


MUf^BER 

CHANNEL AS6N. 


TITLE 

RAN8E 

OMITS 

6RID-SVR 


CF21-12 

TRIAKIAL 

ACCEL VAN AXIS (Z) 

-2.00 TO 2.00 

6 

A 

‘13 

CF2I-13 

TRIAXIAL 

ACCEL PITCH AXIS <V) 

-2.00 TO 2.00 

e 

B 

A 

CF2J-A 

TRIAXIAL 

ACCEL THRUST AXIS fXI 

-5.0 TO 5.0 

6 

C 


10-30 




^00 


REFERENCE TIME €1 *?T 59.795 






TEST ID 0H6619 921000 20018 


C05-B DRETS 


PLOT NO 901 


REFERENCE TIME 01 97 59.795 


WEAS. 

F«-21 

Frt-21 

Ff1-21 

Fn-21 



50.0 

90.0 

30.0 
20.0 
10.0 

0.0 

930.0 

920.0 

910.0 

900.0 

390.0 

380.0 

370.0 
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if ^11 







































— ■ ^ ft 













_ _ 1 














, 











NUflBER 

-09 

-05 

-01 

-11 


CHANNEL ASGN. 

CF21-09 

CF21-05 

CF21-01 

CF21-M 


TITLE RANGE UNITS , 6RID-SYN 

THRUST Chamber pressure o to 200 psia a 

CONTROL BATTERY CURRENT 0,0 TO 50.0 ARPS B 

GYRO WHEEL SUPPLY FREQUENCY 370.0 TO 930.0 HZ ‘ C 

2ND STAGE PITCH CONTROL SIGNAL -10.0 TO 10.0 VDC 0 
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TEST ID 0*^6619 <121000 20018 


COS-B ORETS 


PLOT NO <f01 -B 


REFERENCE TIflE 0! 97 59.795 


MEAS. 

Frt-21 

FM-21 

Ff1-2! 

FM-21 



930.0 

920.0 

910.0 

900.0 

390.0 

380.0 

370.0 
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i [ipljlj 








HHIIfl 









HH 
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lllligl 

ImIM 
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IBhIi 



1 




NUn&ER 

-09 

-05 

■01 

-11 


CHANNEL A5GN. 

CF21-09 

CF21-05 

CF21-01 

CF21-11 


RELATIVE TI«E IN SEC 

TITLE RANGE UNITS GRID-SVW 

THRUST CHAMBER PRESSURE 0 TO 200 PSIA A 

CONTROL BATTERY CURRENT 0.0 TO 50.0 AftPS B 

GYRO WHEEL SUPPLY FREQUENCY 3T0.0 TO 930.0 HZ C 

2ND STAGE PITCH CONTROL SIGNAL -10.0 TO 10.0 VOC 0 


10-33 







TEST 10 0<f6619 921000 20018 


COS-B DRETS 


PLOT NO 902 -A 


REFERENCE TIPIE 01 97 59,795 



10, Of 


5.0j 


o.ol 


-5. of 


-300 

-200 

-100 0 100 200 

300 

900 

500 

nEAS. NUnBER 

CHANNEL 

ASGN. 

RELATIVE TIflE IN SEC 
TITLE 

RANGE 

UNITS 

GRIO-SVN 

FM-21-06 

CF21-06 


VAU JET ACTUATION-PRinARV 

0 TO 100 

PCT 

A 

Fn-21-or 

CF21-0T 


PITCH/ROLL JET ACTOATION-PRIHARV 

0 TO too 

PCT 

B 

Ffl-21-08 

CF21-08 


ROLL/PITCH JET ACTUATION-PRIflARV 

0 TO 100 

PCT 

C 

FM-21-10 

CF21-10 


2ND STAGE .VAU CONTROL SIGNAL 

-10.0 TO 10. 0 

VOC 

0 


10-34 











TEST ID (HI6619 991000 20018 


COS-B DRETS 


PLOT NO 500 -A 


REFERENCE TIME 0! 97 59.795 



6.00 

5.00 

9.00 

3.00 

2.00 
1.00 



6.00 

5.00 

9.00 

3.00 

2.00 


1.00 


• • V V 

-300 

-200 

-100 0 100 200 
RELATIVE TIME IN SEC 

300 

900 

500 

MEAS. NUMBER 

CHANNEL 

AS6N. 

TITLE 

RANGE 

UNITS 

GRID-SVM 

PDM-21-21 

CG21-21 


INSTRUMENTATION BATTERY VOLTAGE 

29.0 TO 39.0 

VOC 

A 

PDM-21-01 

CG21-01 


5 VOLT absolute 

0.00 TO 5.00 

VDC 

B 

PDM-21-02 

CG21-0Z 


INSTRUMENTATION GROUND 

0.00 TO 5.00 

VOC 

C 

PDM-21-17 

CG21-17 


5 VOLT POT EXCITATION 

0.00 TO 5.00 

VDC 

D 
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TEST in 0S6619 H91000 


01 97 59.795 


39 0 

32.0 

30.0 

20.0 

26.0 

29 .0 

6.00 

5.00 

9.00 

3.00 

2.00 

1.00 

9.00 

3 00 

2.00 

1 .00 

0.00 

- 1.00 

6.00 

5.00 
9 .00 

3.00 

2.00 
1.00 

riEAS. NUMBER 

PDfl-21-2l 

P0f1-2l-0l 

PDn-21-02 

Pni1-21-17 






TEST ID 0*16619 99!000 2001S 


COS-B DBETS 


PLOT MO 501 -A 


REFERENCE TIME 01 HT 59.795 


39 .0 

32.0 

30.0 

28.0 
26 .0 

29 .0 

39.0 

32.0 

30.0 

28.0 

26.0 

29 .0 
190 

120 

100 

80 

60 

90 

20 

0 


-300 -200 

-too 0 100 

RELATIVE Tine IN SEC 

200 300 

900 

500 

nEAS. NUMBER 

CHANNEL AS6N. 

TITLE 

RANGE 

UNITS 

GRID-SVM 

PDM-21-20 

CG21-20 

CONTROL BATTERY VOLTAGE 

29.0 TO 39.0 

VDC 

A 

PDn-El-RS 

CG21--93 

ENGINE BATTERV VOLTAGE 

29.0 TO 39.0 

VOC 

B 

PD«-2!-t2 

CG21-12 

ENGINE BATTERV CURRENT 

0 TO 190 

ANPS 

C 
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-r— — 






1 
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— 1 4 nr 











‘ 
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TEST ID 0*i6619 ^^1000 E0018 






2800 2900 

(1EAS. NUMBER CHANNEL A$GN. 
PDM-21-20 CG21-20 

PDn-2J-93 CG21-93 

P0n-2J-12 CG2I-12 



3200 

TIME m SEC 
TLE 

Y VOLTAGE 
VOLTAGE 
CURRENT 


RANGE 

29.0 TO 39.0 
29.0 TO 39.0 
0 TO J90 


UNITS GRID-SVR 
VDC A 

VOC B 

AMPS C 








test id 0^6619 ^91000 20018 
3.001 


COS-B DRETS 


PLOT NO 502 -A 


REFERENCE TIME 01 Ml 59.795 


2.00 

1.00 

0.00 

- 1.00 

- 2.00 

-3.00 

100 

80 

60 

HO 

20 

0 

5.0 

3.0 

1.0 

-I .0 

-3.0 

-5.0 

10.0 

5.0 

0.0 

-5.0 










































1 . .. 











1 





























* 

:v. 



















-10.0* 

‘300 

-200 

-100 

» « t 

0 too 200 


,1 — 
300 

1 

900 

500 

PlEflS. NUMBER 
PDn-21-13 

CHANNEL 

CG21-13 

ASGN. 

vAy 

RELftTIVE TIME IN SEC 
TITLE • 

ACTUATOR RDSITION 

RANGE 

-3.00 

TO 3.00 

UNITS 

DEG 

GRID-SYH 

A 

PDM-21-91 

CG21-H1 


VAU 

JET ACTUATION-SECONDARY 

0 TO 

100 

PCT 

8 

PDn-Zl-03 

CGZl-03 


YAW 

SUMMING AMP OUTPUT 

-9.50 

TO 9.50 

VDC 

C 

P0rt-2J-36 

CG21-36 


YAW 

SERVO differential SIGNAL 

-10. 0 

TO 10.0 

MA 

D 


10-40 






TEST 10 QHheiS ^'flOOO 


3.00 

2-00 

1-00 

0-00 

- 1.00 

- 2.00 

- 3.00 

100 

00 

60 

<»0 

20 

i 

0 


5.0 

3.0 

1.0 

' 1.0 

'3.0 

-5.0 

10.0 

5.0 

0.0 

-5.0 


« 10 . 0 ^ 1 1 

2800 2000 3000 

MEAS. NUriBER CHANMEL AS6N. 

PD«-2I-13 CG21-13 ^ 

PD/1-21-^1 CG21-^l 1 

PO/1-21-03 CG21-03 1 

PGM-21-36 CG21-36 ^ 






TEST ID 0^6619 ^»HIOOO 200J8 


COS-B DRETS 


PLOT NO 503 -A 


REFERENCE TI«E 01 ^}7 59.T95 




- 12,0 

“H.O 

-16,0 

-IB.O 

- 20.0 

- 22,0 

- 2 * 1.0 

-26.0 


500 

SRID-SYH 

A 

B 

C 

D 



-300 

-200 

-100 0 100 

200 

300 

400 




RELATIVE TIME IN 

SEC 



EA5. NUMBER 

CHANNEL 

AS6N. 

TITLE 


RANGE 

UNITS 

3rt-2l-09 

C621-0N 


VALVE EXCITATION ( POS ) 


30.0 TO RO.O 

VDC 

}fl-2I-06 

CB21-06 


VALVE EXCITATION (NEG) 


-AO.O TO -30.0 

VDC 

3PI-21-29 

CG21-ZM 


FEEDBACK POT EXCITATION 

(POS) 

H.O TO 26.0 

VDC 

3n-21-25 

CG21-25 


FEEDBACK POT EXCITATION 

(NEG ) 

-28.0 TO -12.0 

VDC 
































4 








T 
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test id 046619 441000 20018 


COS-B 


OT NO 503 -B 


REc^ERENCE TIflE 0! 47 59.795 


40.0 

38.0 

36.0 

34.0 

32.0 

30.0 
-30.0 

-32.0 

-34.0 

-36.0 

-38.0 

-40.0 

26.0 

24.0 

22.0 

20.0 

18.0 

16.0 

14 .0 
- 12.0 

-14.0 

-16.0 

-18.0 

- 20.0 

- 22.0 

“24.0 

-26.0 

-28.0 

flEAS. NUMBER 
PDM-21-04 
PDM-2J-06 
PDm-21-24 
POM-2 1-25 



m u 





TEST ID 0H6619 ^<t!000 20018 


COS-B DRETS 


PLOT NO 50^ ^ -A 


REFERENCE TINE 01 ^7 59.795 


100 

80 

60 


HO 


20 

0 























































-300 

-200 

-100 0 100 200 
RELATIVE TIHE IN SEC 

300 

900 

500 

rlEA$. NUnBED 

CHANNEL 

AS6N. 

TITLE 

^ RANGE 

UNITS 

GRID-5YN 

POn-21-08 

CG2!-08 


ROLL/PITCH JET ACT - SECONDARY 

0 TO 100 

PCT 

A 

PD«-2l-‘IO 

CG21-N0 


PITtH/ROLL JET ACT - SECONDARY 

0 TO 100 

PCT 

' B 

PDM-21-33 

CG21-33 


1ST STAGE ROLL CONTROL SIGNAL 

-10.0 TO JO.O 

VDC 

C 
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2800 2900 3000 3100 3200 3300 3900 3?00 3600 


RELimVE TI«E nv SPC 


MEAS. NUnBEH 
POn-21-08 
PDK-2I-90 
P0M-2l-33 


CHANNEL ASSN. 
C62I-08 
C621-90 
C621“33 



TITLE 

RANGE 

UNITS 

6RID-SVH 

ROLL/PITCH 

JET ACT - SECONDAAV 

0 TO 100 

PCT 

A 

PITCH/ROLL 

JET ACT - SECONDAUY 

0 TO lOO 

’ PCT 

8 

1ST STflfiE 

ROLL CONTROL SI6NAL 

-10.0 TO 10.0 

VOC 

C 


10-45 






10. 0 
5.0 
0.0 
-5.0 

- 10.0 

nEAS. NUnBEA 
PDM-21-09 
PDrt-21-10 
POn-21-19 



-300 -200 -100 0 100 200 300 ^00 500 


RELATIVE TIME IN SEC 

CHANNEL ASSN. TITLE RAW8E UNITS GRIO-SYN 

CS21-09 PITCH ACTUATOR POSITION -3.00 TO 3.00 DEG A 

C621-1B PITCH SUWniNG AMP OUTPUT -N.50 TO N.50 VDC » 

CG21-I9 PITCH SERVO DIFFERENTIAL SIGNAL -10.0 TO 10.0 «A C 


10-46 





TEST ID 991000 20018 


COS-B DBETS 


PLOT NO 505 'O 


REFERENCE TINE 01 9T 59.795 




2800 

2900 

3000 3100 3200 

3300 


3900 

3S00 3«00 




RELATIVE TI«E IN SEC 





heas. NunEX 

CHANNEL 

AS6N. 

TITLE 


RANGE 


UNITS GXID-Sm 

PDH-21-09 

CS21-09 


PITCH ACTUATOR POSITION 


-3.00 

TO 3,06 

DEB • 

WB-21-18 

C621-18 


PITCH SUNNING A«P OUTPUT 


-9.50 

TO 9,56 

VDC 8 

POH-21-19 

CS2I-19 


PITCH SERVO DIFFERENTIAL SIGNAL 

-10.0 

TO 10.0 

n» c 


10-47 








TEST 10 0H6619 <l‘ll000 20018 


COS-8 


OT NO 506 


REFERENCE TIME 01 *17 59.795 










TEST 10 OHbsn ^<11000 20018 


C05-B DUETS 



REL81 


MEAS, NUMBER 

PDM-21-05 

PDM-21-3N 

PDM-21-1N 

PDM-21-I5. 


CHANNEL AS&N. 

C621-05 

C621-38 

C621-H 

CG2I-15 


EVENT 6ROU1 
EVENT 6R0UI 
EVENT >GR0tll 
EVENT 6P0UI 







REFERENCE TTflE 01 59.795 




01 97 59.795 









TEST ID H^IOOO 20018 


COS-B ORETS 


PLOT NO 508 -ft 


REFERENCE TIME 01 NT 59,795 


rtEAS. 

PDM-21 

PDn-21 

PDrt-21 

PDrt-2t 

PDM-?1 




5.00 

9.00 

3.00 

2.00 
1.00 
0.00 



- 300 ' -200 


NUnBED 

CHANNEL AS6N 

-11 

ce?i.ii 

O 

1 

C621-07 

-31 

CG21-31 

-32 

CG21-32 

-35 

rG21-35 


-100 0 100 

RELATIVE TlnE IH SEC 
TITLE 

I«U BLOCK TEMPERATURE 
G.C. L06IC VOLTAGE 
GC flEMOBy VOLTAGE 
mu GYRO EXCITATION 
mu LOGIC VOLTAGE 


200 300 

RANGE 

190.0 TO 200.0 
0.00 TO 5.00 
0.0 TO 30.0 
0.0 TO 27.5 
0 00 TO 5.00 


900 500 

UNITS GRID-SYfl 
DEG F A 

VDC B 

VDC BX 

VRMS 
VOC 


10-52 
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TEST ID 0^6619 *f91O00 20018 


COS-B DRETS 


PLOT NO 508 ^ 


REEERENCE TlflE 01 47 59.795 




5.00 

4.00 

3.00 

2.00 
1.00 
0.00 



— p — 


1 

“T 

— n — i 

1 “1“ 



































2800 2900 

REAS. NURBER 
POR-21-n 
PDR-21-07 
P0R-21"3I 
PDR-2I-32 


3000 3100 3200 

RELATIVE TIRE IN SEC 
TITLE 

IRU BLOCK TEMPERATURE 
S.C. L06IC V0LTA6E 
fiC RERORV VOLTOSE 

fflu gvrd excitation 

TMU LOGIC VOLTAGE 


3300 3400 3500 


RANGE 

UNITS 

140.0 TO 200*0 

DEG f 

0.00 TO 5.00 

VDC 

0.0 TO 30.0 

VDC 

0.0 TO 27.5 

VRRS 

0.00 TD 5.00 

VDC 


CHANNEL ASSN. 

C62I--11 

CG21-07 

C621-3! 

C621-32 

CG21-35 


3600 


GRIO-SVR 

A 

B 

BX 


10-53 
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TEST ID 0H&619 H^IOOO 20018 
^OOi I ' 





flEAS. NUUBEB 
PDrt-2l-28 
POW-21-23 
PDH-21-29 


CHANNEL AS6N. 
C621-26 
C621-23 
CG21-29 






TEST ID 0H66I9 ^‘MOOO 20018 


COS-B ORETS 


PLOT NO 509 -B 


REFERENCE TIflL 01 97 59.795 



2000 


1500 


1000 


500 


0 

200 


150 


100 


50 
















hmm 

Lj 

1 








1 ^ 

1 




J 



1# 















i 






u 



rj| 


J 

I ■■»»»■ 


U 

r 




V 










2800 2900 3000 3100 3200 3300 3900 

RELATIVE TINE IN SEC 

nEAS. NUMBER CHANNEL AS6N. TITLE RANGE 

PDR-21-26 C6 21-26 HVD ROTOR PORP TERPERATURE 32 TO 900 

PDH-21-23 CG21-23 HVORAULIC SVSTEN PRESSURE 0 TO 2000 

POfl-21-29 C621-29 HYDRAULIC SVSTER RETURN PRESSURE 0 TO 200 


3500 3600 


UNITS 6RXD-SYR 


DEG F 

P5IA 

PSIft 


A 

B 

C 


10-55 






TEST ID 0H6619 ^^1000 20018 


COS-B OflETS 


PLOT NO 510 HI 


REFERENCE TIME 01 «JT 59.T95 




500 

















1 


jUw 







f\ 


' 











CvM 

100 










0 











500 

^00 

300 

200 

100 

0 








r 














V— 










- 










-300 -200 -100 0 100 200 

RELATIVE TinE IN SEC 


300 400 


500 


HEAS. NUHBER 

CHANNEL ASSN. 

TITtE 

RANGE 

UNITS 

P0«-21-28 

CS21-28 

OXIDIZER LINE TERPERATURE 

AO.O TO 110.0 

DEG F 

PDH-2J-16 

CG21-U 

nitrogen bottle pressure 

0 TO 5000 

PSIA 

POH-21-22 

CG 21-22 

OXIDIZER TANK PRESSURE 

0 TO 500 

PSIA 

P0B-21-2T 

CG21-27 

NITROGEN REGULATOR PRESSURE 

0 TO 500 

PSIA 


6RID-SVM 


10-56 
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TEST ID 0^6619 ^^1000 20018 


COS-B DRETS 


PLOT NO 5!0 -B 


REFERENCE TIflE 01 ^7 59.795 






PfERS. MimER 

P0R-2!*28 

PDR-21-I6 

POR-21-22 

P0rt*2l-2T 


CKimrMEL AS6N. 

C621-26 

Cfi2t*16 

CG21-22 

C621^27. 


TITLE 

0XIDI2ER LINE TEMPERATURE 
NITROGEN BOTTLE PRESSURE 
OXIDIZER TANK PRESSURE 
NITROGEN REGULATOR PRESSURE 


RANGE 

RO.O TO 110.0 
0 TO 5000 
0 TO 500 
0 TO 500 


UNITS 
DEG F 
PSIA 
PSIA 
PSIA 


GRID-SYR 

A 

B 

C 

D 


10-57 







TEST 10 046619 441000 20018 


COS-B OflETS 


PLOT NO 5U ^ 


REFERENCE TINE 01 47 59.795 




500 

400 

300 

200 

too 


-300 -200 -100 0 100 

RELATIVE TIME IN SEC 


200 


300 


400 


REAS. NUnBER 

CHANNEL ASSN. 

TITLE 

RARPGE 

UNITS 

PDrt-21-39 

C62I-39 

FUEL LINE TEMPERATURE 

40.0 TO 110.0 

DE6 F 

PDM-21-37 

CC21-37 

HELIUM BOTTLE PRESSURE 

0 TO 5000 

PSIA 

PDN-21-30 

CG21-38 

HELIUM regulated PRESSURE 

0 TO 500 

PSIA 

PDrt*21'-42 

ccai-'ia 

FUEL TANK PRESSURE 

0 TO 500 

P5IA 


500 


GRID-SYN 


10-58 


o n oi » 




TF$T ID 0H6619 9H1000 20018 


COS-8 DRETS 


PLOT NO 511 -B 


REFERENCE TIME 01 H7 59.795 



5000 

9000 

3000 

2000 

1000 

0 




2800 2900 3000 3100 3200 

RELATIVE TIME IN SEC 

MEAS. NUMBER CHANNEL AS6N. TITLE 

PDM-21-39 CG21^39 FUEL LINE TEMPERATURE 

PDM-21-37 C621-37 HELIUM BOTTLE PRESSURE 

POM-21 -38 CS21-38 HELIUM REGULATED PRESSURE 

POn-21-92 C62I-92 FUEL TANK PRESSURE 


3300 


3900 

RANGE 

90,0 TO 110.0 
0 TO 5000 
0 TO 500 
0 TO 500 


3500 


UNITS 
DE6 F 
PSIA 
P5IA 
PSIA 


3800 


6RI0-SYM 


10-59 


O n 09 



TEST 10 0<i6619 ^80000 


COS-B DRETS 


PLOT NO 600 -A 


REFERENCE TIME 01 59.7S5 




3.00 

2.00 
1.00 
0.00 

- 1 . 00 , 

- 2.00 

-3.00 



-300 -200 

-100 0 100 

200 

300 

400 

MEAS. NUMBED 

CHANNEL ASSN. 

RELATIVE TIRE IM SEC 
TITLE 

RAN6E 


UNITS 

PCM-26-01 

1-015 

nOLL AN6ULAR RATE 

-43.0 

TO 43.0 

DEG /SEC 

PCH-2G-0A 

l-OAS 

BOLL ATTITWOE ERROR 

-30.1 

TO 30.1 

DEG 

pCM-26 -or 

1-07S 

BOLL DAC OR OR/OFF OUTPUT 

-10. 1 

TO 10.1 

VOLTS 

PCM-2G-17 

1-17 

PROGRAAMED BOLL RATE 

-30.1 

TO 30.1 

DEG /SEC 


500 

GHID-SYM 

A 

B 

C 

DX 


10-60 







TEST ro 0**6619 990000 


C0S*9 


f!EA5. 

PCW-26 

PCM-'EG 

PC«-26 

PCn«26 


20.0 

10.0 

0.0 

“ 10.0 

“ 20.0 

12.0 

8.0 

9.0 

0.0 

“H.O 

“ 8,0 

“ 12.0 

10.0 

5.0 

0.0 

“5.0 

“ 10.0 

3.00 

2.00 
1.00 
0.00 

“I .00 
“ 2.00 
•3,00 

2800 2900 3000 



NJflOER 

CHANNEL ASSN 

“01 

1-OjS 

“OA 

1“09S 

“Or 

i“Ors 

-ir 

i-ir 


I 

I 

I 

I 








TEST ID 0<»66t9 980000 COS-B DBETS . PLOT NO *01 REFERENCE TINE 01 HT 59.795 





CHANNEL A$6N. 

TITLE 

RAN6E 

UNITS GRIO-SVIf 

PC«-2fi-02 

1-02S 

PITCH ANGULAR RATE 

-N3.0 TO N3.0 

OEG/SEC ' A 

PCH-2S-05 

1-05 S 

PITCH ATTITUDE ERROR 

-30-1 TO 30-1 

DEG D , 

PC«-2G-0« 

1-085 

PITCH OAC OR ON/OFF OUTPUT 

-10.1 TO 10-1 

VOLTS C 

PCW-26-18 

1-18 

PROGRAWPIED PITCH RATE 

-30.1 TO 30.1 

DEG /SEC OK 


10-62 






TEST ID 0H6619 ^80000 

20, Oj 


COS^-B DRETS 


PtOT NO 801 -B 


BEFEPEKCE TINE 0! 97 59,795 





t 


.. 












, 





r 
























lAi 



1 








V% 



' 


f! 



















3.00 


2,00 


1.00 


0.00 


- 1.00 


- 2.00 


-3.00 

1 

2S00 

1 

2900 

1 1 1 

3000 3100 3200 

3300 

L 

3900 

* 

3500 

3800 

REAS. NURBER 

CHANNEL 

ASSN. 

RELATIVE TIRE IM SEC 
TITLE 

RANGE 


UNITS 

GRID-Svn 

PCrt-26-02 

1-02S 


PITCH ANGULAR RATE 

-93.0 

TO 93.0 

DEG /SEC 

A 

PCM-26-05 

1-05 S 


PITCH ATTITUDE ERROR 

-30.1 

TO 30.1 

' DEG 

' B 

PCM-2G-08 

1-085 


PITCH DAC OR ON/OFF OUTPUT 

-10. 1 

TO 10.1 

VOLTS 

C 

PCM-26-18 

1-18 


PROORAHNED PITCH RATE 

-30.1 

TO 30.1 

DEG /SEC 

DX 


10-63 





TEST ID 0H6619 ‘J80000 COS^B ORETS PLOT NO 602 -A REFERENCE TIME 0l"*J7 59,795 

20 . 

10 . 

i 0. 

- 10 , 

- 20 . 

a.o 

9.0 
0.0 
-9.0 





3,00 

2.00 

1.00 
0.00 
- 1.00 
- 2.00 
-3,00 

-300 -200 -100 0 100 200 300 900 500 

RELATIVE TIME Uf SEC 


HERS. NUHBER 

CHANNEL AS6H. 

Tine 

RAN8E 



UNITS 

GBID-SYH 

PCH-2G-03 

1-035 

YAH MKULAR RATE 

-93,0 

TO 

93.0 

DEO /SEC 

A 

PCM-2S-06 

1-06S 

YAH ATTITUDE ERROR 

-30.1 


30.1 

DEO 

B 

PCH-28-09 

1-09S 

YAH OAC OR OU/OFF OUTPUT 

-10. 1 


10.1 

VOLTS 

C 

PCH-26-19 

1-19 

PROGRAMED YAH RATE 

-30.1 


30.1 

DEG /SEC 

OX 




- 

















_ 




. M ' 



R K 

imiii 

IHI 


X K 





jfiBi 

jlB 
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TEST ID 0*I6M9 *180000 COS-B OBETS PLOT NO 603 -8 REFEHENCE TIME Ot 97 59.795 



RELATIVE TINE IN SEC 


NEAS. NUNBER 

CHf^NNEL AS6N. 

TITLE 

RANGE 

UNITS 

GRID-SVj^ 

PCN-26-25 

1-25 

X BOOV COORD ACCEL 

-500 TO 500 

FT/SEC2 

A 

PCN-26-39 

1-39-01 

THRUST ACCELERATION 

0 TO 500 

FT/ SEC 2 
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COS-B ORETS 


PLOT NO 702 -A 


REFERENCE TIME’ 01 97 59.795 



ffEAS. NUMBER 
FM-31-15 
FM-31M6 
FM-31-17 


CHANNEL AS6N. 
CF3J^15 
CF31-16 
CF31-17 


TITLE 

PITCH ACCELEROMETER 
VAH ACCaEROMETER 
THRUST ACCELEROMETER 


RANGE 

*2.00 TO 2.00 
-2.00 TO 2.00 
-3.0 TO 12.0 
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6RI0-SVM 
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BELAHVE TINE IN SEC 
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HEI^S. NtiflBER 

CKANNEL 

ASSN. 

TITLE 

RANGE 

UNITS 

SRIO-STH 

FH-31-15 

CF31-15 


PITCH ACCELEROHETEH 

•2.00 TO 2.00 

6 

A 

FM-31-16 

CF31-16 


TAW RCCELERORETER 

•2.00 TO 2.00 

8 

B 

FH-3I-17 

CF3I-17 



•3.0 TO 12.0 

6 

C 
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